
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 







THE 


NEW YORK 


PUBLIC LIBRARY 




PRESENTED BY 


Dr 


Artnur 


Purely Gt.out. 




20 li-eb. 1914 



Vv 



V^ a. \ < \ . 



X 



^<;- 



HANDBOOK OF GEOGRAPHY 



MlriffM* 



HANDBOOK OF GEOGEAPHY 



DESCRIPTIVE & MATHEMATICAL 



BY 

EMIL.. REICH- 

• , • * • ■■-■ • • • V 

▲UTHOB or 'OBHSBAL HUTIOBT q;iCJC*>TlftV VATU>inv'^ ' ATLAB AMTIQUUS,' 

* ATLAS or BHOLnH BUwC* Hoobtu Ofoto WAnom,' 

*8SLB0T WXjnUEKn FOB UKDlkvjX X^^AnArWUflOKT,' WK, BRX 



IN TWO VOLUMES 

VOL. a 




i.i*^^asBTr< 



LONDON 

DUCKWORTH AND CO. 

MOMVIII 



SCr' 



IHE NEW YORK 

I WBUC LIBRARY 

mKr, UtmX AND 
nUW WUNOATIOWt, 
1»)4 ^ 



PREFACE 

In aU his works and lectures thd iirCthof bluB ahntfs d#fl€ on the immense 
importance of geographical factors hi^: vd jpiu^^lustory and on present 
lifa What he has yentared to ca9 gjspgqiiticsu qr.Hh^ combined influence 
of geographical with political facts; •is: Onft^df 4hft hloA decisiTe elements in 
human institutions. Haying finished the first part of his historical worios 
proper, together with two elaborate historic atlases on a new graphic plan^ 
the author felt that a new handbook of Geography might be published in 
which the physiographic or descriptive part is given due eminence^ and 
by means of which the reader of history might acquire a lifelike view ef 
the actual physiognomy of a given country. The extensive travels of 
the author seemed to authorise him to undertake such a task. However, 
he was aware that it was impossible to do justice to the idea of a read- 
able and lifelike handbook of geography without availing oneself of the 
material scattered in a thousand excellent books of travel or geographical 
research. Accordingly the author has freely helped himself to what in 
his judgment were the best sources of geographical knowledge, much as 
has been done by aU writers in general geography, from the great Earl 
Bitter and Bedus downwards. To name every one of them would have 
been an xmneoessary increase of the bulk of the work. The sources used 
are in twelve languages, and constitute the common property of all 
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geographers. In very namerous places the author has discarded or 
modified the statements of his authorities^ on the strength of his own 
observations. 

The first part^ or descriptive geography, treats of the various countries 
of the five Continents, and the chief aim was to enable the reader to form 
a fair image of each bigger landscape ; or, in other words, to view each 
country, or big sections thereof, from a standpoint so high in air as to 
admit of taking in at a glance entire provinces. As an inevitable conse- 
quence of the pc^cyxrihaQfSs QCtfie i^^s^ptive standpoint^ the statistics 
contained in the' i^6rk iha/ not'ui et^t^ tingle case be up to date. For a 
variety of reasons, the >ifori:l"tc^k^ 2i*Iarge number of years to reach its 
completion, and it T^jto-jbhi^ortt'^^ppssiblo to reconcile, in every item, 
both statistical and ieMilp'tiM th^lA • -nfet even this will, it is confidently 
hoped, not be found an obstacle at all, the principal point and object of 
the work being to impart knowledge of geographical physiognomies. 

The second or mathematical part was added because the author had, 
at the inception of the present work, found practically no book in English 
on the subject of mathematical geography. In fact, at the office of one of 
the largest map-making establishments in England, the clerks said they 
had never heard of the term "mathematical geography." In this second 
part the attempt is made to show, from the best available sources, first how 
we succeeded in determining correctly the geometrical rituation of a given 
town or hill on the globe ; and secondly, how we succeed in locating this 
situation on a given map. Space, far from being a mere abetnust concept^ 
is, together with what it contains^ the basis of all human activities : it is 
not only its hem, but also its foster-earth and cansei The aoeurate 
survey of geographical space, the preciae detennination of aioh locality 
within global space, and the correct reprodoction of tliat global spaoe on 
a plane such as is a map, i.0. a piece of fiat paper— «1I tliii ia part end 



PREFACE 



vn 



parcel of sonnd geographical knowledge. The author may state that he 
has always paid close attention to the history and technique of mathe- 
matical geography, and on compiling the present essay he has drawn only 
on such sources as he has, from personal experience of study and instruc- 
tion, found really useful in the comprehension of the subject The author 
will be happy to reply to any difficulty encountered in the study of 
mathematical geography on the part of his readers. He hopes that the 
studious public will gain some advantages from the present handbook 
which are not easily to be met elsewhere. 

EMIL REICH. 



St. Luks'b Road, London, W., 
April 11, 1908. 
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INTRODUCTION 

Thb study of geography has been afflicted with numeroufl drawbacks 
and retarded by many misunderstandingB. It is easy to explain what 
is meant by physics or chemistry ; it is not quite easy to show in a few 
words what is meant by geography. To the indifferent^ geography is a 
sort of elaborate gazetteer ; to the learned students of Nature, on the 
other hand, it is the natural description of the earth, or what^ with a 
more ambitious term, we might call terrestrial physic^raphy. Yet other 
classes of scholars, such as historians or economists, consider geography 
as the handmaid and appendix of a promiscuous bevy of historical or 
politico-economical questions ; while mathematicians are inclined to reduce 
it to a mere case in astronomy. 

As with the theory or science of ge<^graphy, so it is with the practical 
work of geographical maps or charts. It is not long since that the most 
advanced nations of Europe have given serious thou^t to the science and 
art of map-making, and it is only within our generation that great and 
systematic attention has been paid to the true representation of the surface 
or morphology of countries. To the present day mountain ranges are but 
too frequently designed as rampant caterpillars, and the course of rivers 
is more in accordance with the erratic fancy of the cartographer than 
with Nature's own arrangements. Yet by every step in the study of 
geography we are warned, nay, forced, to attach ever greater importance 
to the construction of true maps; and the time will come when geo- 
graphical maps will be generally known to be of die same significance 

xiii 
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and power as are mathematical formulae, maps being in reality nothing 
but graphical formuls of countries, lakes, rivers, etc 

This curiously inarticulate and floating character of geography is 
owing mainly to the fact that, unlike students of most other branches of 
science, the geographer is sitting astride on more than two fences, and 
is thus referring to more than one field of investigation. In that he 
resembles frontier countries where various nations are meeting, such as 
Austria ; and the theoretic Ausgldch between the conflicting claims of the 
various elements of geography is also one beset with great difficulties. 
For geography refers to the earth as well as to man. It is, on the one 
hand, sunk in the mineral life of the inorganic elements of the earth ; and, 
on the other, it reaches through the vegetable and animal world into 
some of the innermost recesses of the highest organic manifestations of 
man. To these two modes of life even a third, the cosmic life of the 
earth, must be added, which no geographer can quite ignore, although he 
must not take upon himself all the abstract glory of astronomy. At 
different times, one or the other of these three factors of geography was 
made a preferential study of, and it is only in our comprehensive time, 
when most things tend to intemationalisation and common activity, that 
the various elements of geographical study are beginning to interpenetrate 
one another. 

In geography the earth is always considered in the first place as the 
habitat of man. Such problems of geophysics, as the natural history of 
the earth has aptly been called, as do not in any known fashion act or react 
upon man, are not a proper object of geography. Man, it is true, is so 
intimately allied with or arrayed against the earth, that it is impossible, 
in general terms, to set bounds to the incorporation of geophysics within 
the precincts of geography proper. Thus the study of the earth's interior 
may, through the reaction of that interior against the surface of the 
earth — that is, through what we perceive in the form of earthquakes or 
geysers — acquire great importance, in that such phenomena have in various 
ways influenced the life of man. In the same way the study of geology 
is very closely connected with that of geography. The geognostic quali- 
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fication of a ffven country bears most heavily on one of man's most 
necessary occupations, on agriculture, and it is evidently of great import 
that substrata of quartz, e,g.^ convey to some soils a greateF*amount of 
heat and looseness, thereby adapting them in a higher degree for agri- 
cultural purposes, or that the colour of certain layers is of greai influence 
on the vegetation. Through geology, then, the geographer is led to a 
serious study of mineralogy and, partly, of chemistry ; just as his regard 
for the astronomical position of the earth naturally induces him to a'some- 
what elaborate study of pure and applied mathematics. And since idan's 
natural history can only be studied by an investigation of his past^ the 
geographer cannot but embrace history proper as part and parcel of his 
vocation. By history, however, so vast an expanse of phenomena is 
meant^ that we have already, at this preliminary stage of our attempt at 
a delimitation of geography, apparently entailed upon the geographer a 
task superior to the efforts even of the most gifted and most persevering. 
Should we now add, as add we must, that a due consideration of the 
vegetable and animal worlds of the earth cannot be avoided by the student 
of geography — that therefore he must be versed in the vast sciences of 
botany and zoology too— the question not unnaturally arises : What is 
geography not f And caii it be anything definite, since it seems to be, or 
affects to be, everything 1 

In that predicament we are succoured by a simple observation. It 
is quite true that the geographer is obliged, in due pursuance of his 
researches, to diverge into a great number of complicated sciences. In 
doing so, however, he need not attempt to weld into one the huge masses 
of divergent knowledge. His is not the encyclopaedic object of the philo- 
sopher proper. He does not try to elicit, from underneath innumerable 
facts and events, the basal principle; he only wants to determine the 
locus of all the events and phenomena caused by the interaction of man 
and earth. Geography is per eminentiam the science of localisation. 

Metaphysicians have, as is well known, long fallen foul of space, and 
reduced it to a mere form of thinking. To common experience, however, 
the dignity, prestige, and power of localities, if not of abstract space, can 
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be no subject of any doubt whatever. With a slight alteration of the 
famous words of the Soman poet^ we may say, esi locus in rebus ; human 
events are largely caused by that powerful geometry and mechanics 
of situation which can be shown to have worked the major portion of 
history. Some countries, like Dalmatia, Istria, Corsica, Ireland, Silesia, 
Crete, and others, have at no period of history contrived to play a decisive 
part for any considerable length of time, although many of their individual 
sons rose so greats and in the case of the Emperor Diocletian, a Dalmatian, 
and Napoleon, a Corsican, to the greatest possible eminence. Other 
countries again have, without courting it at all, attained to a position of 
supreme power in the teeth of the mediocrity of their sons, of intestine 
wars, or of errors that had repeatedly proved fatal to other nations. 
Who can, in this broad and secular f act^ fail to recognise the power of the 
locus, or the geographical element in history 9 Like the ancient geometer, 
nations desirous of historic influence might ajsk of Providence, Give me 
a place where I may settle f Given the geographically significant locality, 
any white nation might have done what certain happily-situated nations 
now complacently ascribe to their own superior geniua The history of 
situation is, indeed, immeasurably more important than the history of 
racea The work of the strategy of situation has done some of the greatest 
deeds of history, and it may, in opposition to the usual overestimation of 
the element of time, be insisted upon that the element of space and 
locality is to history what the bass is in music, the dominating and colour- 
ing factor. Whenever we study a problem of history, past or actual, we 
can scarcely do better than array our facts, first of all, geographically. 
The incredible amount of work spent on the history of feudalism, for in- 
stance, might have been at once reduced and rendered more efficient by 
drawing up accurate and complete maps of France, Germany, etc., showing 
the localities where the franc alien or non-feudal systems of real estates 
were in existence during the eleventh, twelfth, and thirteenth centuries. 
By neglecting the construction of such maps we have, as is at present but 
too painfuUy evident^ deprived ourselves of the means of thoroughly 
understanding feudalism. It is likewise with very many, if not with all. 
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odier problemB of history, taking this term in the widest sense of the word. 
How much might be gained by accurate maps showing the distribution 
of various systems of law and l^al usages? There are some such 
maps for Germany, but they are all too general and vague ; for England 
or Scotland they have not yet been attempted at alL In political 
economy more care has been bestowed upon the geographical element^ and 
works like Meitzen^s Soil of the Prussian Kingdom have shed a flood of new 
or clearer li^t on many a question of economics. The nature and history 
of diseases is also a subject by the geographical treatment of which our 
resources of investigation are considerably increased ; and the geographical 
distribution of languages and dialects has, from its bearing on the origins 
of nations, a decisive importance for the student of the science of 
language. 

In short, there is no subject interesting the student of man as a social 
being that can afford to neglect the geographical element. In peace, 
geography is paramount in commerce, industry, colonisation, trade, and 
in nearly all social sciences ; in war, an adequate knowledge of the geo- 
graphical conditions and measures of roads, terrain difficulties^ and climate 
has more than once saved empires, as ignorance of geography has been 
visited upon innumerable generals with ignominious defeats or barren 
victories. The essence of the great Napoleon's genius was geographical. 
The chart of Europe that he carried about in his head was superior in 
accuracy and detail to any hitherto printed single map of that continent^ 
and his immense power of organisation was mainly a power of duly local- 
ising the persons and institutions of his empire. Nearly all his un- 
paralleled victories were essentially strategical, that is, victories won by 
an intense focussing of geographical considerations. On the other hand, 
the immense increase in the foreign trade of modem Germany — this one 
of the new and powerful factors in international politics — is largely due to 
that systematic and comprehensive study of geography which for the last 
two generations has been a distinctive feature of German national educa- 
tion. We may regret, but certainly cannot doubt it, that German works 
form by far the major portion of all the works published on matters of 
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geography, and that in their text-books, monographs, periodicals, and 
maps the Germans possess the most yalnable amount of accurate informa- 
tion regarding any part of the globe or any community of men. 

Geography, then, is mainly the study of the earth as a continuous 
series of localities, as an association of loci, or places where earth and man 
meet for constant mutual action and reaction upon each other. Hence 
oceanography, or the study of the phjrdcal constitution of the seas, cannot 
claim as large a space in a general geography as will the physics of 
the continent; nor is it necessary to give exhaustive descriptions of 
portions of the earth where man has not yet come into dose contact with 
Natura Such features of the earth may fitly be left to geophysics proper. 
On the other hand, even a short work on general geography must take 
into due consideration the distribution of human settlements on the 
surface of continents and islands. This, one of the most interesting and 
instructive aspects of geographical study, has so far not been much 
advanced, and cannot therefore be treated with all the broadness it 
requires. We are still ignorant as to the causes determining the situa- 
tion, for instance, of the capitals and large towns of Europe, and we are 
likewise unable to account for the direction of roads, or the forms, 
number, and localities of rural settlements, in many parts of Europe. 

From the preceding remarks upon the object of geography, it will now 
not be difficult to determine the single branches of that science ; and since 
the geographical study of the earth is directed mainly upon the cosmic 
position, the morphology of the earth, and the geographical distribution 
of plants, animalsy and man, geography may with fairness be divided into 
four sections : — 

(a) Mathematical or astronomical geography. 

(6) Geophysics. 

{c) Geographical distribution of plants and animals. 

(d) Geographical distribution of man, or the geography of man's 
dwelling-places, and man's social activities. 
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(a) Maihemaiical or Astronomical Geography 

In treating of this, the first and preliminary branch of geography, we 
are again confronted with that pecoliar difficulty of all truly geographical 
studies, which was mentioned at the outset of this work. Astronomical 
or mathematical geography is a " mixed " study. It is based on astrono- 
mical &ct8 and theories as well as on purely terrestrial data. Overlapping, 
as it does, two vast provinces of knowledge, it has, especially in England, 
met with the fate of all enterprises encroaching upon different pursuits 
simultaneously. To the present day there is no elaborate, up-to-date 
special treatise on that subject in England, and many people will, as 
experience has taught us, wonder what may be meant by the term 
"astronomical or mathematical geography." Yet no serious study of 
geography can be thought of without a clear conception of the object, 
the methods and theories of mathematical geography. While in all 
geographical researches, as has been remarked, our main object is localisa- 
tion, in astronomical geography that main object becomes the sole end 
in view. It is a study of the mathematical means of accurately deter- 
mining any given point on the globe, so as to fix its position unequivocally, 
thereby enabling any subsequent student to recover the precise place of 
that point The earth being, for aU practical purposes, an equally rounded 
body, with no particular point standing out as one from which to start 
measuring distances, it is evidently no easy matter to devise methods 
whereby a given point can be accurately located, and its position 
permanently fixed. In all measurement of distances, however, there 
must needs be some fixed point with regard to which two or more 
distances may be compared. If now such a permanent starting-point 
be not easily found on the earth itself, it is perhaps possible to find such 
a point in the heavens. 

Before proceeding in our investigation, we must ask our readers to 
ignore completely what^ in previous times, they may have learned, or 
think that they have, with regard to our earth. Unfortunately for a 
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thorough and really clear understanding of mathematical geography, very 
few people will frankly acknowledge their ignorance of certain general 
facts in the cosmic life of the earth, a knowledge of which is commonly 
held to be part of a gentleman's education. That the earth is round, and 
that it rotates round its own axis and revolves round the sun — all this 
and a few other general facts of mathematical geography are amongst the 
things of which most people would be ashamed to confess ignorance. 
Yet^ for serious purposes, nothing is more important than a frank 
confession of that ignorance in the first stages of the study of astronomical 
geography. As in so many other studies, it is highly advisable in our^ 
present study too, to follow the historical way in which that study has 
been developed in the course of the ages. At firsts most of the ancients 
thought that the sun, together with aU the other stars, was moving round 
the earth. This is what we are taught by our eyes. Far from being an 
advantage to browbeat the testimony of the clearest of our senses, it is, 
as at present all great teachers of geography have acknowledged, a 
positive hindrance, if people enter on the study of astronomical geography 
with an alleged knowledge of the deception of our senses, and of the 
true movements of the earth and the other stars. The reason why so 
few people ever attain to a well-grounded insight into the principal 
teachings of astronomy must be found in presumptuous ignorance, by 
which they are prevented from the very attempt at clearing up these 
teachings for themselves, not by means of words repeated parrot-fashion 
after their text-books, but by clearly perceiving first the lessons of the 
senses, then by seeing for what reasons these lessons are incomplete and 
deceptive, and finally by comprehending the objective truth of the 
principal teachings of astronomy. As James Watt said, what we need 
most is "a book of blots," meaning, a book in which all the erroneous or 
incomplete researches of the great thinkers in science are given, showing 
the stages from darkness to dawn and light through which those heroes 
of thought had to struggle before they reached the final solution of their 
problems. The inestimable value of Kepler's, the great astronomer's, 
work on the star Mars is owing as much, if not more, to his revealing in 
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it all the preliminary or erroneooB stages of the immortal discovery of his 
''laws," as to the communication of these laws themselves. 

In the following pages we shall therefore at first noi presuppose any 
knowledge of the real movements of the stars, but only follow the simple 
and apparently certain teaching of our senses. Then we shall show why 
that teaching cannot be accepted as the true one, and finally, what the 
real movements of the stars are like. 

It was said above that our sole object in astronomical geography 
consists in so determining by means of a mathematical formula the precise 
location of any given point on the globe, as to enable any subsequent 
student to fix the situation of that point on the earth itself with unfailing 
accuracy. 

Were the earth a flat body of no considerable dimensions, it would be 
easy to determine the position of any point In our ordinary life we are 
so accustomed to determine situations of points on level plains, that we 
should have only to repeat our method of fixing the position of a house 
in a town, or an object in a house, in order to determine the position of 
any given point on that flat earth. The position of a certain house, say 
the Bank of England, is determined by naming the streets at the crossing- 
point of which the bank is situated. In America, for instance, where the 
streets of all towns built in the present century are laid out at right 
angles, the situation of any given house can be exactly determined by 
naming the two streets at the comer or crossing-point of which the house 
is situated, or by giving the number of houses, counting from that comer- 
house to the house in question. As in this case our measurements refer 
to straight lines only, so in nearly all cases of practical life. Whether we 
want to determine distances, heights, bulk, lengths, or widths, we 
invariably apply measures proceeding on straight lines, or bounded by 
such. Even in the case of dry measures, where circular lines are used, 
the ordinary man is no way enabled to test the measure, which he simply 
takes on trust This inveterate habit of ours makes every attempt at 
bringing home to ourselves measures other than such as are in the form of 
or bounded by straight lines a very awkward labour. Having been used 
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to live, 80 to Bpeak, in a world of straight lines, it becomes painfully 
puzzling to represent to ourselves a world in which measurement goes bj 
curved lines. Yet this is what happens whenever we want to study the 
earth and the heavens. The space in which we perceive the stars evidently 
forms an immense globe, that is, a world as different from ours as is the 
circle from a square. Accordingly it is, as it were, unnatural for us to 
find our bearings in a world the dimensions of which so radically differ 
from those of our usual world. We can, with a little effort, clearly 
perceive some of the essential differences between a circle and a figure 
bounded by six or eight straight and equally long lines. But when, on 
leaving the plane, we try to conform ourselves to the relations of points, 
lines, and planes in a globe or sphere, we immediately find that some of 
our oldest mental habits are undergoing a strain which renders easy 
accommodation of our perception of space-relations very difficult 

Leaving therefore our original object out of view, we shall first try to 
acquire a ready perception of spacial relations in a globe by studying 
what the Greeks called sphsBrics, or the curious nature of the sphere or 
globe, and of the relations and proportions of points, lines, and planes on 
or in globes. 

It may be taken for granted that the terms diameter, radius, segment^ 
chord, and arc are familiar to the reader. Now one of the first remarks 
to make with a view of bringing out the spacial relations of a globe or 
sphere very clearly is to the effect that^ although we can, in a globe no 
less than in a circle, draw straight lines from one point to another, yet 
such lines do not aid us at all in the perception of the spacial relations 
of a globe, the number of circles to each of which such a straight line may 
serve as diameter being boundless. On the other hand, the aid to perception 
which we require may be readily found in a plane intersecting the globe, 
each segment of that kind being a circle dividing the globe in two unequal, 
or, if it passes through the centre of the globe, in two equal parts. If, 
for contrast's sake, we pass such a plane through the longitudinal axis of 
an egg-shaped body, the segment so obtained will not be a circle (see 
Fig. 1, where a is the non-circular, b the circular segment of an egg- 
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shaped body, and compare that with Fig. 2, where aegmente are always 
circular, but varying in size according to their distances from the centre 
of the globe). 




Fio. 1. 




Fio. 2. 



It may be seen at once that some circular planes (or circles) pass 
through the centre of a globe; others again do not. Such as do pass — and 
their number is unlimited — are called ^eat circles; the others lesser circles. 
Two lesser circles may have to each other, or each to a great circle, the 
most varying positions ; they may be parallel, or one outside the other, or 
one inclined against the other, or one intersecting the other. If two 
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lesser circles intersect^ one of them may cut the other in two equal halves, 
but they cannot halve each other ; nor can a great circle be halved by a 
lesser circle, although the reverse is the case. Two great circles, on the 
other hand, always intersect and halve each other, both having the same 
centre and the same diameter. 
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The Drawing of Paralleh cmd Meridians on a Olobe, — Any number of 
paralldB and meridianB may be drawn or imagined to be drawn upon 
the rarboe of a globe, but it is the usual custom to accept 180 
parallelB and 360 meridiauB to correspond with the division of the 
drde into 360 degrees. A meridian is drawn, and, this being a 
semieirde, is divided into 180 degrees. Through each of these points 
of division a parallel circle is drawn, each circle being perpendicular to 
the axis, making in all 180 parallel circles. The central one of these 
paraUel circles is called the equator. One of these circles, the equator 
by preference, is then divided into 360 degrees, and through each of 
these points of division the meridians are drawn from pole to pole. 
These lines are easfly drawn on a globe, especially when it is a globe 
mounted in a framework The meridian on a model of the globe is 
represented by a vertical brazen graduated circle. A wooden ring going 
round the globe represents the rational horizon, and the globe turns on 
an axis, the ends of which are the poles. To draw the paraUels on such 
a globe, we hold a pencil successively at each of the points of division 
marked on the meridian ring, and gently turning the globe, holding 
the pencil steady, the parallels are traced. To avoid a superabundance 
of Unes, they are generally drawn at intervals of 10 degrees. When the 
parallel circles have been drawn, we proceed to divide the equator 
into degrees. With the assistance of the horizon ring above mentioned, 
the degrees marked thereon are easily transferred on to the equator; 
all we have to do is to place the globe so that the equator coincides with 
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the horizon ring. This done, the brazen meridian circle servoB as ruler 
for drawing the meridians from pole to pole through the successive 
points of division on the equator. 

To deUrmine the PosUian of a Place on the Terresiiriai Ohhe. — With the 
assistance of this network (Fig. 3), the position of any place on the surface 




Fio. 8. — Hemisphere. Pftrallels and Meridiani drawn at interrals of 10 degrees. The 
point marked haa latitude 50** N, longitude 160* E. 

of the globe can be accurately determined. It is usual to distinguish tbcr^ 
poles of all globes as north and south poles. We count the parallels, 
beginning at the equator, towards the north and towards the south 
pole, from 0*" at the equator to 90*" at either pole, and the number of the 
parallel circle on which a place is situated is called its LaiUude (bom 
Lat kUus, broad), hence we distinguish north and south latitude accord- 
ing as a place is nearer the north or south pole respectively. Since all 
meridians are alike, any one may be selected as first or zero meridian, 
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and from this meridian, to the left or to the right, we count 360 
. meridians, so that the zero meridian is also the 360th. The point indi- 
cating the position of a place on the meridian is called its kmgUude (bom 
longus^ long), counted in degrees east or west of the prime or zero meridian,^ 
from 0* up to ISO"". Given the latitude and longitude, the required point 
must lie at the point of intersection of the respectiye parallel and 
meridiaa For instance, if we say a point has 50*" north latitude, 160* 
east bngitude, we count from the equator, on any meridian, towards 
the north pole, 60% and then along the equator, 160*, beginning at 
meridian, towards the east Where these two lines intersect one 
another the required point is situated. If we wish for greater accuracy, 
we divide the distance between any two successive parallels, and any 
two successive meridians, each measuring one degree/ into 60 parallel 
circles and meridians, which are called minutes, and any of these again 
into 60 seconds. Astronomers carry this minute determination into 
tenths and hundredths of seconds. The position of points on the 
"celestial sphere" is determined by means of dedmaHon and rigU 
ascension. Declination of a heavenly body corresponds exactly to latitude 
of a point on the earth's surface, and is like latitude, north and south, whilst 
right ascension corresponds to longitude, but is always measured one way 
round from 0* to 360*, or more usually (since the apparent revolution of 
the heavens is completed in 24 hours) in hours, minutes, and seconds, one 
hour of time correspbnding to 16* of arc. 

A BewMng Olobe and an Immovable Oreai Circle, — We imagine the eye 
placed in the centre of a hollow globe, from whence it could look round 
in all directions and survey the entire (inner) surface of the globe. In 
the case of the celestial globe, we can only survey the one (the visible) 
hemisphere, because of the existence of the horizon. It is clear that the 
different phenomena appearing during rotation depend in this case 
entirely upon the position of the axis with regard to the horizon. 

To get a somewhat clearer idea of what the horizon is, we imagine an 

^ Th« meridian ptasing tfaron^ Greenwich is universally taken as the xero meridian by 
Eni^ish geographers, and also by many foreign nations. The French, however, prefer Paris. 
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immoTable plane pasging through the centre of our reyolving globe, 
equipped with its network of lines. This plane we will call the horizon. 
It is not impossible, but rather diflBcult^ to construct a hollow globe 
large enough to admit of our taking up our position in the centre of 
it on the disc of the horizon, but it is quite sufficient for all purposes 
of illustration to use a well-made globe, preferably a so-called induction 
globe.^ We imagine ourselres stationed in the centre of the globe, but 
we see in reality the external, not the internal, surface of the globe. The 
horizon ring, which we imagine to form a complete disc cutting through 
the centre of the globe, divides the globe like the sensible horizon into 
a visible and an invisible hemisphere, and thus all relative positions 
become clear. We now place the globe in its framework, so that the 
axis coincides with the sensible horizon, and the poles consequently are 
on a line with the horizon ring ; or we place the globe so that the axis is 
perpendicular to the horizon, in which case one of the poles rests in 
the hole at the foot of the frame ; or lastly, we place the globe so that 
the axb occupies some intermediate position. The first position is called 
ike parallel ^pkere; the second, the righi sphere; and the third, the Migue 
sphere. 

Horizontal PotUion of the Axis. — In this position (Fig& 4 and 6) the 
axis coincides with the meridian. The north pole is in the north, the 
south pole in the south point of the horizon. The equator passes 
through east point, zenith, west point, and nadir, and is peipendicular 
to the horizon, and all other parallel circles are also perpendicular 
to the horizon. Now considering there are 90* of the horizon between 
east and north pointy and between east and south point, the first parallel 
circle must pass through the first degree marked on the horizon ring^ 
counting from east point, the second through the second, etc. The 
ninetieth (the pole) therefore lies on 90* of horizon (north point and 

1 Indnotioii globtt tre globes with ipecUlly prepsrod inrfiMO from whioh all ptneQ- 
marks can aaaily be effaced, as from a slate. For purposes of stady only such c^obes 
should be used, with foil complement of movable framew<^ and rings. Fixed globes^ on a 
framework wiihoat horizon ring, with the axis perpendicnlariy fixed or indined at an angla 
of Mii\ are psacticaUy i 
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Bouth point). The same thing occurs on the meridian circle when 
divided into degrees beginning at zenith. Not only the equator, which, 
like the horizon, is a great circle, but all parallel circles are cut by 
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Fkas. 4 and 6.— Right Sphere. <8X, petition of obeer?er ; PP, axis ; EW, east and west 
line ; X, aanitii ; No, nadir ; AB, A^„ A„B,„ A,„B„„ paraUels of latitude. 

the horizon into two semicircles. Let any one meridian coincide exactly 
with the eastern half of the horizon, the ninetieth meridian counted from 
there will coincide with the middle of the visible part of the meridian 
drcle, the hundred and eightieth with the western half of the horizon, 
the two hundred and seventieth with the middle of the invisible part 
of the meridian circle. Turning the globe, we find : — 

1. On the eastern half of the horizon all points rise perpendicularly. 

2. The place where a certain point rises lies exactly as many degrees 
from the east point to north or to south as the amount of degrees of its 
northern or southern declination. 

3. When a fourth part of the revolution has been accomplished, all 
points which rose at the same time culminate on the meridian, ie, reach 
their highest points when on that circle. 

4. The distance from the zenith of any given point at the time of its 
culminfttion is equal to its latitude (northern or southern as the case 
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may be) ; hence the meridian or latitude (either northern or southern) 
must equal the complement of the zenith distance, or in other words, 
must be equal to the remainder when the zenith distance is subtracted 
from 90. Thus the meridian or latitude of a given point of 30'' declina- 
tion is equal to 90-30»60^ northern or southern as the declination 
(or latitude) is northern or southern. 

5. When another fourth part of the revolution is accomplished, all 




Ficn. 6 and 7.— Puallel Sphere. AeQt diameter of equator ; PP, axis containing poles. 

these points set again at the same time, and the west distance is again 
equal to the declination. 

6. Every point remains exactly half the time of rotation above the 
horizon (visible), and half the time below the horizon (invisible), because 
the circle described during one revolution (diurnal circle) is divided by 
the horizon into two equal parts. Hence we say : all day and night arcs 
are equal, each containing 180^ 

7. During one revolution all points of the globe become successively 
visible. 

Vertical Posiiion of the Am. — The vertical position of the axis is just 
the opposite of the horizontal (Figs. 6 and 7). In this position the axis 
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coincides with the rertical, the poles with zenith and nadir, the equator 
with the horizon. The meridians are perpendicular to the horizon 
and coincide with the vertical circles of iJtitude ; the parallel circles lie 
parallel to the horizoa Turning the globe on its axis, we find that : — 

1. No point either rises or sets. There is no distinction of the 
cardinal points. 

2. All points on the equator rerolye on the horizon and never leave it 

3. Points in other parallel circles revolve at ever equal distance from 
the horizon; they do not culminate, and amplitude and declination are 
alike. Hence we say: the diurnal arc equals the diurnal circle; the 
night arc is 0. 

4. The nearer a point is to the horizon the greater its velocity, the 
nearer to the zenith the slower its motion, because the same point 
always remains at the zenith. 

6. The points of the one hemisphere are continually visible, those of 
the other never. 

Oblique Positum of the Axis — Latitude. — While there is only one 
horizontal and one vertical position of the axis, there are an endless 
number of oblique positions, according as the axis slants more or less 
towards the horizon. We determine these different positions by stating 
the angle made by the axis with the meridian (angle of inclination of the 
axis towards the horizon), or what is the same, by giving the degrees of 
the meridian between the pole and the north or south point of the horizon. 
This distance is called latitude. The nearer it comes to 90^ the greater 
the latitude, and the more the phenomena resemble those of the vertical 
position of the axis. The nearer it comes to 0, the smaller the latitude, 
and the more it resembles the horizontal position. 

In order better to understand the many difficulties arising from this 
oblique position of the axis, Fig. 8 gives a section of the globe on the 
meridian, coinciding with the meridian circle (this meridian is necessarily 
ever changing, because of the rotation). Let PP be the axis, situated in 
the centre of the meridian circle (hence the centre of the plane of pro- 
jection). ZNa \b the vertical, SN the meridian line, St the point of 
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observatioa The straight line AeQ at right angles with PP represents 
the diameter of the equator on the meridian circle ; and, in the same 
manner, AN^ ZB, ANa are diameters of parallel circles on the meridian 
circle. The one half of the globe is above the plane of projection, with 
the east point in its centre perpencBcolar to the plane of projection, and 
a semi-diameter distant from St^ the other half is below the plane of 





Figs. 8 tnd 9.— Oblique Sphere. S, south ; N, north ; j; east ; VF, west ; 
Sift meridian ; L PStNot PJV=lAtitade ; ZStP or ZP=cenith distance of pole. 

projection, with the west point in the centre. Hence the angle PSiN or 
the arc NP is the latitude, in this case 60^ We hare thus : — 

Z. PStZ or arc PZ, zenith distance of the pole. 

Z. ZSiAe or arc ZAt^ zenith distance of the equator. 

Z. AeStS or arc AeS, altitude of the equator. 

For the sake of brevity we indicate latitude by p (here 60*), dis- 
tance between the pole and zenith by g, distance from the equator to 
zenith by 6, altitude of the equator by a^ as illustrated in the following 
formula : — 

p-^-q^ 90^ because the vertex line is perpendicular to the meridian. 

a + 6 s 90**, for the same reason. 

^ + 6 s 90^, because the axis is perpendicular to the equator, and hence 
to its diameter. 
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Therefore j»90**-|>; in our fflustaration ^ = 90" - 60* = 30^ 
6=f90*-j; here 6 = 90'- 30** = 60*. 
a = 90**-6; here a = 90** - 60** = 30^ 

Or, in other words, latitude and seniih distance of the pole together 
make 90*. Therefore, if one of the two is known, the other is found 
by subtracting it from 90*. The greater the latitude the smaller the 
seniih distance from the pole, or the nearer to the pole the nearer 
to zenith. Zenith distance from the pole and the equator also make 
up an angle of 90*. The nearer the pole is to the zenith, the farther 
from the zenith is the point where the equator intersects the meridian 
circle. In like manner, also, zenith distance of the equator and altitude 
of the equator make up a right angle. It ia clear, however, that latitude 
and zenith distance at the equator must always be the same, viz. p^h^ 
because both make up an angle of 90* by adding the zenith distance of 
the pole; and, in the same way, zenith distance of the pole and altitude 
of the equator must always be the same, a^q^ because both make up an 
angle of 90* by adding the zenith distance of the equator. Therefore the 
lower the pole, the higher the culmination point on the equator (point of 
intersection with meridian), and vice versa, 

D^ereni Length of Lay and Night. — We will suppose the globe to 
be rerolving in latitude 60*. On the east side of the horizon all points 
will be seen to rise at an angle of 30* obliquely to our ri^t; they rise 
until they reach the culmination point (meridian) and then descend 
until they set on the west side of the horizon. All points on the equator 
rise in the east point, culminate when a fourth part of the revolution is 
aooompUahed at an altitude of 30*, and set in the west point after com- 
pleting another quarter of their revolution. Their day and night arcs are 
of equal length, each completing half a circle (180*). Thus stars on the 
equator rise in the east^ reach a greatest altitude of 30*, and are seen due 
south, set again in the west, the time from rising to setting being 12 hours. 

Of points with southern declination, less than half of their daily path 
lies above, more than half below, the horizon. They are visible above the 
horizon for less than half the time of their revolution, and invisible below 
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jai uie lisK of their revolution. Their 
A;-::?;^i«e of the equator by the amount of 
*' ^** * a*:-.-i T'^i.'^s* ^-^ ^"^^ south declination culminate at 

*"""'. , jj^^ ^.ja i»;* jcmih declination culminate at 10% and 
" ^^^T^ %. 'i.^^ii .vvJA*=« *5 50 - 30 = 0'— f.^. when they culminate, 
***** ^' . A^- ii;cM« al^iade, ihey only juat touch the horizon, 
!*>*• xc * »cc»c«* With Btill greater south declination 

^^^ ^^4j n.^jtf« i^-Ii:i*tion have longer day arcs than night arcs, 
, .^;^y ^ aac^ lv>n^r as their declination is greater. They 
'^ ^ i^uccfti^ A* much above 30^ as is the amount of their 

j«i]4 «tc^ a declination of 10°, they culminate at an altitude 
;.i :V .v. vi^ ^^^*» ^^*> ®^ Since the 30th parallel circle is 
\. ,« f\*«it 1^ t^>^ Ai^J ^^^ polo stands 60* beyond the north point, 
•jv.«.u^' .J»*s 1^^ ^^ parallel circle must touch the north point, and 
^^ V aV«« '^ horizon ; its day arc comprehends the whole circuit, 
j^v )« 0'. Fri>m its symmetrical position between east and 
^^1 ^ t^* «Ame holds good for the east and west amplitude ^ of 
i«^* «,i^ &t%^rch doi*lination towards the north, as for those with south 
j^,w»>^^^ i\fc*Ai>l* the south. 

;i« 4 W Muie manner as we read off east amplitudes we can also read 

^ .><^ |Mv(Kvrcioit between day and night arcs of the different parallels. 

^g. H\«*ua how many degrees of a certain parallel are above and how 

^j^ Aiv U^low tho horiison. The points of intersection of the meridians 

^\«^U^ (h«^ |wirallols into degrees. Thus with 60* Latitude we find — 
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With north declination the amplitudes of day and night arcs are reversed. 
Thus if the time of rerolution be 24 hours, a point at 60* north latitude 
will be visible on the 20ih south parallel circle for about 6f hours and 
invisible for about 17^ hours, and in the 20th north parallel visible for 
about 17^ hours and invisible for about 6f hours. 

Cirewnpolar Points^ Gircwmpolar Stars. — ^As stated above, the SOth 
northern parallel circle at 60* latitude touches the horizon with its 
lowest points in the north point; it lies entirely above the horijson. 
Its points never set, are always visible. Parallel circles at still greater 
distance from the equator, and therefore still nearer to the pole, also lie 
entirely above the horizon, but do not touch it, their lowest points lying 
beyond the north point on the meridian. The lowest point of the 40th 
parallel circle lies 10*, that of the 50th, 20*, etc., beyond north pointi 
Hence, counting from the 30th parallel circle (at a latitude of 60*), all 
points describe ever-decreasing circles above the horizoa The centre of 
these circles is the pole. Such non-setting points are called circiimpolar 
points (Lat drcum, round about ; compare in the sky, circumpolar stars). 
These points move, like points that rise and set^ from east to west, 
parallel between the pole and the south pointy and then from west to 
east^ below the pole star and between it and the north point They are 
therefore twice visible on the meridian, once at their highest altitude, 
like all other points in their westward movement^ and again at their 
lowest position, when joumejring back to the east point As already 
mentioned, culmination is the reaching of the highest altitude above the 
horizon, and this takes place when the point crosses the meridian. We 
might, however, more correctly put it this way : a point culminates when 
it crosses the meridian, and hence we say that circumpolar points culminate 
twice, making a distinction between an upper and a lower culmination. 
Every point culminates twice, but with points that rise and set the lower 
culmination is invisible. Even as, counting from 30th north parallel 
circle, all more northerly points are visible circumpolar points, so also, 
counting from 30th south parallel circle, all such points are invisible 
circumpolar points, because both culmination points are below the horizon. 
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The parallel circle which paaBes through the north pointy in this case the 
30th, separating the rising and setting points from the drcumpolar points, 
is the boundary of the circumpolar points. 

Phenomena to be observed while the Axis ehanffss from the Horixonial into 
the Vertical Position. — In order clearly to understand the different pheno- 
mena to be observed while the axis is in an oblique position, we place our 
globe first with its axis in the horisontal position, and gently turn the 
globe from east to west^ raising the one, say the north pole, while the 
other sinks, until the axis has attained the vertical position. We observe, 
in proportion as the one pole rises and the other sinks : — 

1. That parts of the north parallel circles which were below the horizon 
rise above it on the north side, and equal parts of the south parallel circles 
sink below the horuEon ; so that of two symmetrical parallel circles on 
either side of the ^uator, the one gains in the length of its day arc what 
the other loses, or, in other words, that the day arc of the one equals the 
night arc of the other. 

2. That the rising and setting points of northern and southern 
symmetrical parallel circles move at the same ratio towards the north 
or towards the soutL 

3. That the number of circumpolar points increases, the visible as well 
as the invisible. The boundary circles of the two kinds of circumpolar 
points lie at equal distances on either side of the equator. 

4. That^ up to a latitude of 46*, both the culmination points of the 
visible circumpolar points lie on the same side, between the zenith and 
the horizon. At 46* lat the upper culmination point of the boundary 
circle lies in the zenith, the lower one in the north point Above 46* lat 
the boundary circle extends beyond the zenith to the other side of the 
globe ; some of the circumpolar points therefore have their culmination 
points on opposite sides of the zenith. The boundary circle extends twice 
as many degrees beyond the zenith as the latitude exceeds 46* ; thus for 
46*, 2*, for 60*, 10*. 

6. That the equator is the only parallel circle which always remains 
half above and half below the horizon. 
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It is, moreover, to be observed that in every poeitioii of the axb there 
are two modificationB, according to whether the globe is turned in the one 
or in the other direction. But it is not necessary to distinguish these, as 
both appear simultaneously, the one above, the other below, the horiaon. 
If we turn the globe to the right (the axis being in the vertical position), 
and imagine ourselves to be standing underneath the horizon with our 
head downward, so that our former nadir becomes our zenith, we get the 
vertical position of the axis with the motion to the left^ and vice versa. 

Othsb Phsnombna wmoH point to thk Globttlar Form of thk 
Earth. So-oallxd Proofs that the Earth is a Globb 

8(HaUed Proofs thai the Earth is a Globe. — Geographical school-books do 
not deduce the fact that the earth is a globular body, as we have done, 
from a comparison of phenomena at different points on its surface ; but 
they simply mention certain phenomena as proof thereoi These pheno- 
mena are certainly closely connected with the globular shape of the earth, 
and with a complete knowledge of all facts bearing upon the subject^ 
each one of them is conclusive evidence. But without this knowledge-— 
which in most instances cannot be had until after the fact that the earth 
is a globular body has been established — they are valueless, and can at 
most only suggest the idea that the earth may be of a globular fono. W« 
will examine tiiem more dosely. 

1. The Horizon is dwaiys a Cvrde.— It is stated that "all seetioiisof «i 
surface of a globular body must be circular, and if the globular hoAf \ 
of a great size, all sections of it will bear the appearance of a flit dk 
Therefore if the horizon, from any given point on the earth's suzfaoa^ hai 
the appearance of a flat disc, the earth must be round. Now we knot 
that the horizon always forms a circle, and the circle of vision a plane^ ii 
the centre of which we stand ; therefore the earth is a globe." Howevw 
correct this conclusion may appear, it proves nothing in itseU. Supposing 
all circles of vision t(>gether formed one gigantic plane, what would be the 
shape of the portion which we observed \ It would be circular, of course. 
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We look round us in all direotionB as far as our eyesight reaches, at equal 
distance all round. This fact is not altered by the view being intercepted 
by objects rising above our circle of vision either perpendicularly or 
obliquely. For it is only over a certain and very limited space that we 
can judge of the distance of objects away from us ; whatever is beyond 
our line of vision we instinctively project on to that portion of the celestial 
sphere which is behind our circle of vision, as on a plane of projection ; and 
therefore even a square plane, as long as it is sufficiently large, would 
appear circular to us. We cannot even form a correct idea of the greater 
or lesser distance of near objects which stand out distinctly against the 
celestial sphere within our view ; and contemplating a city at two or three 
miles' distance, we should be unable to decide which of its spires is the 
nearer and which the farther away from us. 

Impartani Adion of (he TUfradion of Light ai the Horizon. — Another very 
important circumstance should be noted. The refraction of light in the 
atmosphere--of which more hereafter — has a very great influence upon 
the apparent shape of objects whose rays Ml almost parallel to the 
circle of vision. 

We shall see later on that the sun is visible to us before it rises above 
the horizon, and is still visible after it has set Every one must have 
noticed and wondered at the seemingly flattened shape of the full moon 
at rising and setting. The Fata Morgana and mirage often reveal objects 
to us which are generally distorted and situated on the other side of the 
horizon. 

In the face of these difficulties, the uniformly circular horLson line — 
which, moreover, can only be properly seen at sea or on a wide plain with- 
out elevated obstructions — cannot serve as a proof that the earth is a 
globular body. The uniformly circular form of the circle of vision 
is certainly a result of this fact; but in order to prove it, we must first 
deduct anything that really belongs to any of the above-named facts. 

2. The Cvrde of Vision increases in Size as owr Poini of ObsermUon 
becomes more elevaied, — A somewhat stronger argument is furnished by the 
phenomenon that from an elevated position we observe a larger portion of 
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the earth's surface than when we occupy a lower position ; but apart from 
the fact that this is not easily accomplished (as it means ascending in a 
balloon over a level plain, or failing that^ climbing up to the top of an 
isolated mountain in the midst of a plain), the other matters mentioned 
in the last paragraph apply in exactly the same degree. And, moreover, 
one might suppose that from an elevated position the horizon would 
appear raised, but instead of that it appears hollowed "like a huge wash- 
bowl," and aeronauts who have reached considerable heights tell us 
unanimously that it appeared like being inside a hollow globe, consisting 
of the sky above and the horizon below them. 

The same thing applies to the manner in which objects disappear 
behind us and rise up before us when walking. They disappear as they 
might be expected to disappear from a globular surface, the lower portions 
first ; and they come into sight, the upper portions first ; but this might 
perhaps be attributed to their upper portions being in a clearer atmosphere. 
The approaching and disappearing of vessels as we stand on the sea-shore 
shows exactly the same phenomenon. ^ 

The Shadow of (he Earth ai an Edvpse of the Moon, — The shadow of the 
earth at an eclipse of the moon, — no matter whether it be at rising, on 
the meridian, or at setting, before or after midnight, — is always round. 
" Now as only a round body, no matter what its position with regard to 
a luminous body, can throw a round shadow upon a projection-plane 
placed perpendicular to the axis of the conical shadow, this proves that 
the earth must be a globe." This statement would certainly be conclusive, 
if the moon were such a projection-plane. But the moon is a globe, as 
we know. Later on, when we have learned the distances of sun and 
moon, we shall be able to find by means of a simple calculation that the 
diameter of the earth's shadow cone at the distance of the moon is about 
three times the size of the diameter of the moon. The shadow surface is 
therefore about nine times larger than the disc of the moon. The conse- 
quence is that we can at any time only see a small portion of the shadow 
on the moon, as shown in Fig. 10 ; under the most favourable circum- 
stances only about one-tenth. But one can easily see for oneself, and 

V0L.n 
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it is moreover proved by the science of projection (Fig. 11), that the 
straight edge of an angular body can throw a curved shadow on to a 
sphere. Viewed thus superficially, therefore, the eclipses of the moon 
prove nothing for the globular form of the eartL 

Journey round the EarOk — A further argument for the globular form of 
the earth is found in the supposition that^ travelling in the same direction 
without turning back, one returns again to the starting-point But such 
a journey, which would necessitate one's remaining within the same great 
cirde, has never been accomplished, and can never be accomplished, not- 
withstanding the aid of steamers and railways. On any such journey 




Fio. 10. — Section of the shadow cone of 
the Earth at the Moon's distance in 
true proportion. 8^ shadow; M^ 
moon. 




Fro. 11. — Shadow of Bectangnlar Sur- 
face thrown on a Glohe. 



one would meet with obstacles which would have to be evaded. They 
may be avoided by circumnavigation, or travelling round an^ returning 
within the same circle ; but in order to be able to do this the globular 
form of the earth has to be presiq>posed. Moreover, the same phei)omenon 
would also be present if the earth were of cylindrical form. 

Conclusion by Analogy, — The conclusion by analogy, derived from the 
globular form of the other heavenly bodies, is no proof at alL Apart 
from the fact that we must first be convinced that all the other heavenly 
bodies are spheres, which from the earth's point of view can, at most^ 
only be presumed for two of them — sun and moon, — it is not correct to 
say that all heavenly bodies are spheres, as is proved in the case of 
comets. From all this it is evident that only by comparing the different 
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phenomena at different stations upon the earth, as we have done, can one 
poesibly arrive at any correct knowledge of the true shape of the earth. 
The so-called proofs give us only a dim apprehension, without any solid 
foundation for the building up of subsequent theories. 

Obfedions to the Globular Shape of the Earth, — Some of the objections 
raised against the theory that the earth is a globular body have already 
been refuted in the explanations just given ; others will be dealt with on 
a future occasion. To the former class we may reckon jbhe objection that 
even at sea we see a straight horizon. Just as we can cut out of any 
circle so small an arc that it cannot be distinguished from a straight line, 
so we can cut a small portion from any globe, so as to be indistinguishable 
from a flat surface. Nevertheless we can under certain conditions bring 
the curvature within our line of vision — not on the sea-shore at the 
approach of a ship, in which case we do not know how much has to be 
put to the credit of the refraction of light, which is so strong at the 
horizon ; but we can do it on a moderately large lake. Lying down on 
the one shore, and looking across, the objects on the other side lack a 
small, though quite noticeable, part of their lower portions. 

To the other class belongs the argument, why objects on the other 
side of the earth do not fall off. Upon this point we will here only 
remark that experience teaches that liiis does not happen, but all bodies 
fall always in the direction of the vertical line. The grounds for this 
will be explained later on. 

GONOLUSIONS DRAWN FROM RESULTS SO FAR OBTAINKD 

Obfedions against the View tUtherio held with regard to the Phenomena in the 
Universe. — So far we have supposed the earth to be a stationary body 
suspended in the midst of space, and the celestial globe, with ever3rthing 
in the universe external to the earth, to make one revolution round the 
earth in 24 hours, in the direction from east to west, while the moon 
and the sun (and a few other celestial bodies) described their own orbits, 
as a rule from west to east 
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The thousands upon thousands of fixed stars did not alter their relatire 
positions, and this helped to give the impression that the celestial globe 
was a solid body in which these luminaries were suspended. 

There was nothing unnatural in this representation, so long as we 
knew nothing of the size and the distance of these celestial bodies. In 
order to form a good idea of the entire mechanism, we should have had 
to construct a large hollow globe with the fixed stars marked on it, an axis 
passing through the two poles, and in the centre a small globe to represent 
the earth. Outside the larger globe we should have had to fix two rings, 
in the positions occupied by the orbits of the sun and the moon in the 
heavens. One of these rings would have a lamp fixed in it to represent 
the sun, the other a dark globe to represent the moon. We should want 
three instruments to illustrate the different motions which we hare so far 
considered. The one would have to turn the whole celestial globe (with 
the two rings fixed to it) round its axis in 24 hours ; the second would 
have to move the moon round in the opposite direction within 27^ days ; 
and the third would in a similar manner move the sun round its ring in 
365^ days. 

We knew nothing of the causes of these motions and the forces at 
work, but the general plan was not contrary to the law of simplicity. 
Even the fact that^ on account of the immense size of the celestial sphere, 
the points on and near the equator would have to travel with such 
enormous velocity does not destroy this simplicity, because this motion 
is the result of the revolution of the globe, and our mechanical con- 
trivance makes the globe to revolve in that way. But this simplicity can 
exist only so long as all the constellations and sun and moon form part of 
one and the same sphere. Of the sun and the moon we know decidedly 
that this is not the case. 

Cantinnaiion, — ^We will accept provisionally that the phenomena of the 
fixed stars may be represented as though they were attached to the surface 
of a globe, " the celestial sphere," and ask. How about the sun and the 
moon 1 They must in the first place describe a daily circle from east to 
west When the moon is in the equator it would have to travel in one 
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day about one million five hundred thousand miles, or in one second about 
17 miles. The sun in similar position, being 382 times farther away, 
would have to travel 382 times faster, ie. about 6500 miles a second. At 
this rate the velocity of the moon in its daily orbit would be 80 times, that 
of the sun 32,000 times, greater than the velocity of sound in air. This 
enormous velocity of a body (in the case of sound it is a question of wave- 
motion) may well excite our astonishment ; but so long as we know nothing 
of the causes and forces at work, there is no reason why we should not 
accept it as a fact For although the velocity of the moon in this supposed 
motion is 80 times greater than that of sound in air, we shall learn presently 
that there are bodies which travel with still greater swiftness. 

But both moon and sun have, besides their daily motion, yet another, 
opposed to it Again, this in itself would give us no reason for doubt, if 
this second motion were exactly opposed to the daily motion ; we should 
merely have to accept that the moon, instead of covering 360° per day, 
covers only 347""; and the sun, instead of 360^ only 359'' — in other words, 
that their daily revolutions in the sphere fall relatively short by 13'' 
andr. 

But because of their backward or retrograde movement^ both moon 
and son are continually crossing other parallel circles. It is therefore 
clear that both these bodies, simply because of their varying position in 
the different parallels, must always be changing the rate of their velocity, 
for they are bound to accomplish their diurnal circle within 24 hours, 
and this circle becomes smaller as they move away from the equator, and 
greater as they get nearer to it 

This circumstance is of so great importance that we must endeavour 
to realise it as clearly as possible. The simplest way of illustrating 
it is the following. We trace on a globe the parallel circles and the 
ecliptic^ Supposing that on a certain day the moon is at the point 
of intersection of the ecliptic and the equator, it would on that day 

^ We know, of conne, that the moon's and the sun's orbits describe two different great 
circles, but for our present purpose we need take no notice of that. The sun's apparent 
path is called the ecliptic, and the moon's path is inclined to this at a small angle of about 
6% BO that we may regard these as the same for the purpose of this explanation. 
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have to accomplish a circle of 324,200 geographical miles, or in one 
minute 225*1 miles. Going back 13° 10' to the east on the ecliptic, we 
find the point in the sky where the moon will be the next day, and we 
can read off from our globe (or calculate) that it will then be 5^ 13' north 
(or south) of the equator. But this is on a smaller parallel, and the moon 
will have to travel at the rate of 224*2 miles a minute, or 0*9 mile slower 
than the previous day. Continuing to follow the path of the moon, we 
register the following figures tabulated here : — 





Point in the Orbit 
(LongitodeX 


Deelination(I>iftuice 
from ■qofttorX 


Diftanoe aooom- 

iJiahad in 1 Minat* 

(MfletX 


Inereaae or DeenMe 
M compared witb 
Preceding Day. 


lD.y 
2Dft7B 
8 „ 
* .. 
6 ., 

1 :; 

8 „ 


0' 
18* 10' 
26- 20' 
WW 
52' IC 
WW 
79*0' 
•O'O' 


0- 

6* 12' 
10' 10' 
WW 
18- 27' 
21- 17' 
28*0' 
23-27' 


2261 
224*2 
221*6 
217*8 
218*6 
209*8 
207*8 
206-6 


0*9 
2*6 
8-8 
4*2 
8-8 
2*6 
0*7 



We see from the above table that the rate at which the moon travels in 
its daily circuit decreases from day to day (or, more correctly, decreases con- 
stantly and irregularly). This is due to its change of position in the heavens, 
and so far we have not been able to give a reason for it During the 
next following eight days the moon's velocity increases in reverse order, 
and the same appearances present themselves on the other side of the 
equator. 

Similar phenomena may be observed in the sun's path, although, its 
apparent motion being about thirteen times slower, the relative increase and 
decrease in the velocity is necessarily smaller. On the other hand, owing 
to the sun's considerably greater distance, its absolute motion must be a 
very great deal swifter than that of the moon. The following table gives 
the sun's motion, not from day to day, but from ten to ten days. The 
velocity is given in seconds : — 
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Point In the Qrblt 
(LongitndeX 


Deolinfttkm(Diftuio6 
tram XqofttorX 
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pUdiad in 1 Second 

(MilflsX 


DoozMMM oompuned 

with the Pnviooc 

Itgore. 


IDay 


0* 


0' 


1464-5 




10 Days 


10- 


8-68' 


1461-0 


si 


20 „ 


20- 


r49' 


1440-0 


10*1 


80 „ 


80- 


ir2»' 


1426*4 


16-6 


40 „ 


40' 


W4»' 


14061 


19-8 


60 .. 


60' 


!?• 45' 


1886-2 


20-0 


«o „ 


60- 


20- 10' 


1866*4 


10-8 


70 .. 


70' 


21*58' 


1848-0 


16-6 


80 .. 


80- 


28-4' 


1888-1 


10*8 


M .. 


W 


28*27' 


1884-8 


4-8 



Now as the sun and moon, at each point of their orbit^ accomplish their 
daily circuit with the speed which each special point demands in relation 
to the revolution of the heavens, we are compelled to accept one common 
law and one common cause for the daily rotation of the sphere of the 
fixed stars, and the daily motion of moon and sun (and of the four other 
stars which have not yet been mentioned). This common centre we have 
up to now imagined to be the celestial globe, the one vault carrying all 
celestial bodies, with the exception of the earth. But as we have now 
seen that the celestial globe is not so constituted, and that^ even still 
supposing the fixed stars to be in some way fastened to it, the sun and 
the moon (and those four other stars) are certainly not, we begin to feel 
serious doubts as to the correctness of our imagined system, and we try 
to find some other ground or cause in explanation of the phenomena we 
observe. 

ConHnuaHon. — Moreover, we can hardly help feeling sure that there 
must be great differences in the distance of the fixed stars from us, and 
that they are not^ as we at first imagined, mere illuminated points, but 
luminaries in themselves. We become convinced also that they must be 
of considerable size, being visible to us at such immeasurable distances. 
We conclude, therefore, that they, like sun and moon, are freely sus- 
pended in the universe, and that the blue background we imagined to 
be a solid is merely a reflection of their Ught. We no longer believe in a 
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material support for the heavens, any more than we do for the rainbow. 
It does not require a great effort to convince ourselves that the intense 
blue of the sky is dependent on the conditions of our own atmosphere, 
dependent on the rarity of the air (the deep blue of the Italian sky), 
dependent on the altitude of our position (the ahnost black sky of 
aeronauts at great heights), varying even in its colouring with the 
difference in the density of the air in one and the same place. In short, 
the blueness of the celestial sphere is merely an effect of reflection of 
light (Tyndall's explanation) or rather scattering by dust particles. The 
absolute impossibility of explaining the daily motion of all celestial bodies 
otherwise than by one common cause, compelled the ancients — ^believing 
that the fixed stars all formed part of one and the same sphere, in 
which sphere sun and moon could find no place — to accept a number of 
concentric, perfectly transparent spheres, one for each of the celestial 
bodies which they could assume to possess separate motion. 

In order to explain the different phenomena which, so far, have come 
under our notice, by this system or theory, we should have to imagine 
three such transparent spheres (globes), one with a semi-diameter as yet 
unknown, for the fixed stars, one with a semi-diameter of 93 million 
miles for the sun, and one of 240,000 miles for the moon — all of which 
would have to be connected by some invisible bond, and together 
describe a rotation round the axis of the world within 24 hours. 
This is so childish a notion that we dismiss it at once, without bringing 
forward any further arguments. 

Meanwhile the doubt is gaining ground in our minds, whether things 
really are as they appear to us, and we become more and more convinced 
that wo labour under some optical illusion. 

Optical Illusions. — All our senses are open to delusions. Even the 
so-called most materialistic of our senses, the sense of touch, with which 
we believe to hold direct communication with the external world, is 
liable to be deceptive.^ To illustrate what I mean, place a little ball on a 

^ It ifl perhaps more correct to say that our interpretatioD of sense impressiom is liable 
to be faulty, rather than that the senses are deceptive. 
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horizontal plane, say a table. Cross the middle finger over the fore- 
finger, and spin the ball round in the angle formed by the tips of middle 
and forefinger. Notwithstanding the certain knowledge that there is 
only one ball, it will always feel as if there were two, no matter how 
often the experiment be repeated. Leaving the fingers in their natural 
position, in which case we can also feel the ball with two fingers, we 
shall never make that mistake. The phenomenon can easily be ex- 
plained. If we try the experiment with the right hand, when the 
fingers are in their natural position, we take hold of the ball with the 
right side of the fore and the left side of the middle finger. But these 
sides are next to each other, and from constantly recurring experience 
we know instinctively that a body placed between these two fingers can 
be touched by botL Now when we cross the fingers we touch the ball 
with the left side of the fore and the right side of the middle finger, and 
it gives the impression as if there were two balls, one on the left of the 
fore and another on the right of the middle finger. 

We will not at present pursue this most interesting subject of optical 
illusions, which are quite compatible with perfectly sound organs of 
sense, and perfectly sound nervous systems, and have no connection with 
morbid fancies or ideas. We will only take notice of such optical 
illusions as immediately concern our present purpose, and which are 
caused by different individual motions. 

When in a station two trains are standing on neighbouring lines, and 
we are seated in one of these trains, supposing our train begins to move, 
without our being aware of the movement, i,e. without a warning jerk, it 
will seem to us that we are still standing still, and that the other train 
is moving on; and it is only when watching the wheels of the other 
train, and seeing that they are not moving, that wo begin to realise that 
it must be our train that is moving. Supposing we are seated upon a 
horizontal plane, which moves evenly without obstruction upon a vertical 
axis, it appears as if all objects outside this plane turn round us in the 
opposite direction to that in which we are going. Similar experiments 
may be made in many different ways. Even when we are seated at a 
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window, and turn our head to and fro, it looks as if the window and all 
external objects are moving in the opposite direction. 

The Phenomena of the Diwnal Motion can he explained egmUy saiisfactorily 
by the BotaHon of the Heavens as by that of (he Earth, — ^The phenomena of 
daily motion can be explained equally satisfactorily by a rotation of 
the heavens round the axis of the universe from east to west^ as by 
a rotation of the earth round its axis from west to east Each 
one in itself is equally plausible, so much so, that if in some way or 
other the fact were established that there really is a solid celestial globe 
in which the fixed stars are suspended as luminous points, and sun and 
moon are merely discs, and some one nevertheless maintained that it is 
the earth and not the celestial globe which rotates, we should not even 
then be able to confute the one or to prove the other statement All the 
ordinary phenomena appearing in the heavens in the course of one day 
are so fully explainable by either of the above theories, that our unaided 
sense of sight is wholly inadequate to decide between them. Other 
considerations must be brought to bear upon the matter, in order to 
come to a conclusion. 

ImprdbabilUy of (he RotaHon of the Heavens. — If we accept that the 
heavens rotate round an axis, we must premise it by stating that in that 
case at least 6000 stars (for that is about the number that can be counted 
with the naked eye), each differing in distance from one another and 
from us, scattered all over the universe, and not seemingly connected by 
any common tie, nevertheless move so unanimously that they all de- 
scribe a certain circle within exactly the same period of time — ^not round 
the centre of the earth, but round an axis which is nothing but an 
imaginary mathematical line. If this were so, all the stars would have a 
different rate of motion ; there would be velocities of millions of miles in 
a second, down to zero (at the pole), and their velocity would depend 
upon their distance from the axis (not of the earth), and secondly upon 
their position in the parallel circles. What a complication! If a 
mechanic were to construct a model to illustrate this, he would have to 
make at least 6000 different instruments, which would have to agree to a 
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hair'a-breadth in tins one pointy that no matter how much difference 
there might be in the velocity of the different bodies, they must all 
accomplish one revolution in exactly 24 hours. These velocities, how- 
ever, would at least be consistent ; but what is the mechanic to do 
with regard to the sun and the moon! Their retrograde movements 
are performed round the centre of the earth ; we should have to imagine 
for these bodies some sort of force centred in the earth, but how could 
instruments be made to give an accurate idea of the daily motions of sun 
and moon, which are for ever varying in their velocity! In truth, the 
supposition of a daily rotation of all bodies outside the earth is so 
contrary to all common sense that it is impossible for us to accept it. 

The BokUkn of the Earth causes the Daily Phenomena. — ^The whole question 
becomes perfectly simple, when we accept a rotation of the earth from 
west to east All the diurnal circles of bodies outside the earth become 
then merely the result of the earth's rotation. What would be impossible 
to illustrate by any number of the most complicated instruments, can now 
be made perfectly dear with one single piece of machinery. We should 
require, however, two other instruments to show the paths of the moon and 
of the sun. There can be no longer any doubt about it that the apparent 
daily revolution of the heavens is caused by the rotation of the eartL 

Objedions to the BataHon of the Earth, — ^But is it possible that such a 
motion can exist without our being aware of it! For if this be so, every 
point at the equator would have to move at the rate of 1500 feet per 
second, ue. would travel faster than sound ; and we should be perfectly 
unconscious of such velocity. Are we to believe that when a sound is 
raised at the equator we should not be able to hear it, because we 
ourselves are carried through the air so much more rapidly! and sup- 
posing we were to take a leap in the air, even if it took only a quarter of 
a second, should the place under our feet in that period of time have 
to travel nearly 400 feet to east ahead of us! In London, whose 
latitude is about 51 1^ we should be whirled along at the rate of over 1000 
feet per second — faster than the most furious hurricane ; and we should be 
supposed not to become aware of this, if it were only by the cutting winds ! 
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In St Petersburg or Stockholm (latitude 60*) we should still maintftin a 
velocity of 760 feet per second And lastly, are we supposed to be also 
unconscious of the fact that, after travelling through the universe for 
12 hours, we should reach the point which is now occupied by our 
antipodes t 

At first sight these objections may carry some weight But the 
motion of the earth round its axis, as we see from the apparent motion 
of the stars, is so regular, so even, that we know of no motion within our 
circle of vision which can be compared with it No steamer, no railway 
train, can come up to it ; and yet we do not feel the motion, even when 
the train goes at its fullest speed,^ and in a comparatively clumsily 
moving compartment, and if we were carried asleep into a railway carriage, 
we should not be conscious of any motion at all when we awoke. We 
can therefore not experience it^ neither can we see it, because everything 
that belongs to the earth, air, douds, we ourselves, etc, all share it alike. 
We can only see the motion when watching the movements of those 
bodies which do not belong to the earth, the celestial bodies. Neverthe- 
less, the phenomena of the trade winds are only explicable on the hypo- 
thesis of the earth's rotation. 

The Power of Persistence in Bodies. — It will be advisable to inquire some- 
what closer into this matter. When we see a body in a state of rest, and 
it begins to move, we immediately form the conclusion that some external 
force is the cause of this change ; for we know from our earliest experi- 
ence that no body can, of its own accord, alter its state of rest into motion 
(Newton, Law L). And mature consideration shows us likewise that they 
cannot pass from a state of motion into one of rest^ but rather that they 
can in no wise alter their state of motion, but must continue in the given 
direction and at the given ratia This latter statement seems to be 
contradicted by experience; for we see that, without exception, every 
body set in motion upon the earth gradually slackens its speed until it 
finally stops. But We also see that in every individual case the slackening 
of speed is attributable to external circumstances and causes (obstruc- 
^ It is only the jcfrks or ahocka that we feeL 
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tions), and by lessening these obstacles we can diminish the resistance ; 
to remove the obstacles altogether is absolutely impossible. 

If we compare the effect produced upon a cart when set in motion 
upon a rough road, upon a well-paved road, and upon iron rails, we see 
that if we could put aside friction, the resistance of the air, etc., the 
cart would go on without ever stopping. We believe that it is the nature 
of bodies that nodiing in them can alter their condition of rest or of 
motion, and that this change only takes place when some external force 
is brought to bear upon them ; this is called their inertia. This is fitly 
illustrated by the collision of two railway trains, when, notwithstanding the 
shutting off of steam and the application of the brake, accidents happen. 

Motion of Bodies which are muiuaHy eonneded, — ^When bodies are con- 
nected, and one of them is put in motion, the motion gradually spreads 
to all the others. When the bodies are all in motion, and one of them is 
brought to a state of rest, all the others must follow. When we are 
seated in a railway carriage, and the train is suddenly put in motion, we 
fall backwards ; if the train is in motion, and is suddenly brought to a 
standstill, we fall forwards. In the first instance we remained at rest 
for an instant while the train went on ; in the second we went on moving 
while the train stood still ; both were the result of the fact that^ because 
of the suddenness of the change, the time was too short to impart the 
condition of rest or of motion to our bodies. When the carriage passes 
graduaUy from its state of rest into that of motion, or the reverse, the 
new condition is imperceptibly conveyed to us. 

All objects, therefore, connected with the earth share alike in its 
rotations — the air which carries sound, sound itself, we ourselves, and so 
on. The body which falls, we, when we jump, cannot tarry behind to 
westward, because the falling body and we ourselves have already in us 
a motion to eastward. 

The same applies to a balloon thrown up vertically from a ship or a 
railway carriage ; it does not fall down behind us, although both ship 
and carriage have moved on during the time which elapsed between the 
rising and the falling of the body. 



30 



ASTRONOMICAL GEOGRAPHY 



ImpereqMk Bala/nce of Motion tohm iraveUing to North or to South. — 
Another objection against the rotation of the earth might be raised, 
namelj, that although we may not be conscious of it as long as we remain 
on the same parallel, we must feel some change when moving from the 
place of our habitation to the north or to the soutL In the first case (in 
the northern hemisphere) we touch points which move more slowly, and 
we therefore have a swifter motion than our surroundings ; in the other 
case we bring a slower motion to bear upon the existing quicker 




Fig. 12.— Horifon of Utitade 48* a 



motion. If bodies could move sufficiently rapidly from north to south, 
and the reverse, without passing through all the intervening points, this 
objection would be justified, but it is more Uke being in a railway 
train, with gradually increasing or decreasing velocity, but no sudden 
starts. 

Appearances on the Earth vAich are a SesuU of Us Boiatian, (a) Defledion 
of Cannon-BaUs, — Although from all that has been said it can be no longer 
doubtful that the earth rotates round its axis in 24 hours from west to 
east^ it would certainly be very interesting if we could find some 
terrestrial phenomena in which we could recognise a proof of the 



ASTRONOMICAL GEOGRAPHY 



81 



rotation of the eartL Such phenomena do exists although (with the ex- 
ception of one) they are somewhat difficult of obseryation. The instance 
given in the last paragraph is a phenomenon of this kind. When 
bodies move sufficiently rapidly from north to south, or the reverse, one 
may notice the effect of the rotation of the earth in them. Suppose a 
cannon-ball is shot in a straight line due north. If we stand facing the 
north, the terrestrial sphere turns from left to right In the northern 
hemisphere the cannon-ball passes through parallels with slower 




Fig. 18.— Horizon with 67^* S. Latitude. 

motion. In the time which the cannon-ball needs to reach the disc, 
the cannon itself will move a greater distance to the right than the 
disc; but the cannon-ball has the velocity of the cannon, and will 
therefore strike the mark a little to the right If the cannon be 
fired towards the south, we face the south, and the earth then turns 
from right to left Now the cannon-ball passes through parallel circles 
with greater velocity. The disc therefore will get in advance of the 
ball, and the mark will be hit a little to the right However small 
this difference in motion may be, gunners have noticed the fact^ without 
being able to account for it, and indeed one can hardly guarantee the 
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absolutely perfect make of the barrel, to ensure of the shot being fired 
in a perfectly straight line. 

(b) Trade Winds, — ^The trade winds illustrate the same thing, only in an 
intensified degree. The heated state of the air on and near the equator 
produces there a region of low pressure (rarefied air), into which the colder, 
denser air of the poles is driyen. If the earth stood still we should have 
a north wind in the northern, and a south wind in the southern hemi- 
sphere. Supposing we stood in the direction of the wind, ie. in the 
northern hemisphere facing south, the earth would move from right to 
left Thus the air enters parallels which, moving with greater velocity, 
must therefore be deflected to the west (right); «.«. the north wind 
deviates to the west, and appears to blow from north-east; it becomes a 
north-east wind, north-east trade wind. Of course in the southern 
hemisphere the winds coming from the south must also be deflected to 
the west and become south-east trade winda All appearances confirm 
this view, although they may be influenced by different meteorological 
occurrences, such as the configuration of continents, etc. 

{c) Deflection of FaUing Bodies — Bemenberg^s Ea^^erimeni. — The most 
serious objection against the rotation of the earth on its axis is the one 
already alluded to, viz. that a stone falling from a tower is not deflected to 
the west, as the earth's rotation seems to demand. We know that, because 
of the power of inertia in the stone, the velocity which it possesses in virtue 
of the earth's motion towards the east must be continued while falling. On 
inquiring more closely into this matter, we find that this falling of a body 
freely towards the earth will give us, as the great Newton first tau^t^ a 
direct proof of the rotation of the earth, since the stone, contrary to the 
common belief, falls forward to the east On account of the rotation of the 
earth, every point on it — the foot of the tower as well as the top— describes 
a circle in 24 hours. But the semi-diameter of the circle, and therefore the 
circle itself, described by the top of the tower is larger than that of the foot 
Consequently the top of the tower and everything at that elevation 
moves faster than the foot. If from 7, the top of the tower (Fig. 14), 
we let fall a stone, it will preserve its greater velocity while falling, and 
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reach the bottom a little to the east of point S, which forms a straight 
line with the top of the tower. If it were possible to let fall a body from 
a height of about 1000 metres, about the height of the Lindkogel near 
Baden, an insignificant height^ compared to the earth's diameter, tiie east- 
ward deflection would be nearly half a metre. But such heights are 
not at our disposal Nevertheless, the experiment has been made several 
time& Benzenberg was not the first 
who tried it, but the first who was 
successful After him it is called the 
Benzenberg experiment He tried it 
in 1802, on the Michaelis Tower at 
Hamburg, and in the coal-shaft at 
Schlehbuch. In Hamburg, with a drop 
of 235 Paris feet, the experiment showed 
an eastward deviation of 4 Paris lines ; 
in the second case, with a drop of 260 
Paris feet^ a deviation of nearly 5 
Paris lines. Both these results agree as fi ii 

closely with theory as can possibly be 

expected for such difficult experiments. The eastern deflection at Ham- 
burg, according to this estimate, is only 0*1 line out of its reckoning. In 
the year 1832 Reich tried the same experiment at Freiburg in Saxony, 
in the Dreibriider shafts which is 158*5 metres deep, and the result was a 
deviation to east of 27*52 mm. ; out of 106 trials Reich found an average 
deviation of 28*4 mm. 

(d) Apparent AUeraium of the Plane of OscUkUion of the Penduhm, — 
Foucaulfs Experimenl, — As early as the year 1661 some natural philo- 
sophers in Florence discovered that a pendulum when put in motion slowly 
appears to alter its plane of oscillation. It was observed but not explained, 
until about the middle of the last century the French philosopher L^on 
Foucault succeeded in proving that the alteration in the plane of oscilla- 
tion of the pendulum is merely apparent^ and is in reality a consequence 
of the rotation of the earth. Owing to the power of inertia, a swinging 
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pendulum must preserve its plane of oscillation unchanged, even if the point 
of suspension should be slightly moved. A simple experiment which ia 
easily performed will show this. Take a plate or table (Fig. 15), turning 

on a vertical axis, and raised on roUeis to 
Tnn^n" ensure a smooth and easy motion in all 

directions. Affix on the edge of the plate a 
vertical rod supporting at the top a branch 
rod swinging freely in all directions, on the 
under side of which little hooks are screwed 
at regular intervals, on which the pendulums 
are to hang. Hang a pendulum (consisting 
of a long thread with a leaden ball at the 
end) on to one of the hooks, exactly over 
PiQ. x5. ^^^ centre of the plate, put the pendulum 

in motion, and turn the plate round ; it will 
be observed that» notwithstanding the motion, the pendulum does not 
alter its plane of oscillation. Turning the arm so that the point of 
suspension falls beyond the centre of the plate, it will be seen that the 
plane of oscillation of the pendulum moves paraUel with it) and preserves 
the same direction. Even when the plate is moved out of its place in any 
given direction, the plane of oscillation always remains parallel to itself. 
Supposing I saw only the plate and the pendulum, or waa myself seated 
on the plate, and I marked by a line the point where the plane of 
oscillation inteisected the plate, the plate being gently turned round with- 
out my being aware of it, it would appear to me as if the pendulum had 
changed its plane of oscillation. 

Suppose we are at the north pole of the earth, and there put a 
pendulum in motion, it will be found that the plane of oscillation 
makes in one day a complete circle from left to rights because in that 
time the earth completes one rotation from right to left The deviation 
would be ^"^ per minute ; at the south pole the motion would be in the 
reverse direction. At these two stations the point of suspension suffers 
no displacement) and the pendulum, when at rest^ lies in the prolongation 
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of the axis of ihe earth. At all other stations on the earth the point of 
suspension performs daily a complete circle, increasing in size as it comes 
nearer to the equator. The plane of oscillation is moved from its place. 
In obedience to the law of inertia, it will try to preserve its original 
direction, but to do so it must constantly pass through the point of sus- 
pension and the centre of the eartL 

At all stations on the equator, all lines facing the same cardinal point 
(for instance the north) are parallel to each other, because the meridians 
are paraUeL A pendulum which is set swinging in the northern direction 
will always retain that direction, and the rotation of the earth will not be 
indicated by any apparent displacement of the plane of oscillation. All 
points between the equator and the pole towards the north (and the other 
cardinal points) gradually incline towards each other, according to the 
distance of the point from the pole. If the pendulum is set swinging in 
a given meridian, ie, from north to south, its plane of oscillation will 
be deflected from the meridian, owing to the rotation of the earth, with a 
speed increasing in proportion as the place is nearer to the pole ; at the 
pole itself it will be ^"^ per minute. This deviation can easily be calculated 
for every latitude, and experiments agree everywhere with these calcula- 
tions. For the performance of such experiments large halls or churches 
are most suitable, but even in an ordinary room it may be tried with 
satisfactoiy results, the principles of the phenomenon being, at any 
rate, clearly discernible. 

The simplest method is to take a long string, at one end of which a 
ball is fastened, and on the under side of which is a sharp point in direct 
prolongation of the string ; when the pendulum, fixed with the other end 
to the ceiling, is at rest) this point or lead should touch the floor. We 
now draw a circle with the pendulum as centre, and at the edge of this 
circle we throw up a wall of finely-sifted ashes, so that when swinging, the 
sharp point, each time it reaches the wall, makes a little mark in it. In 
order to set the pendulum in motion, the ball is lifted up and a thin 
thread fastened sideways, by which it is held suspended ; then the thin 
thread is burnt off, and the ball swings with regular oscillations through 
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the nadir of the pendulum. If the pendulum be set in motion by hand, it 
is difficult to avoid a side push or jerk, which would prevent the pendu- 
lum from swinging in a plane, but would make it describe a somewhat 
conical shape. The apparent turning of the plane of oscillation for 
different points on the surface of the earth is given in the table annexed. 
Wherever observations have been made, calculations and experiments (as 
has been already said) have always been found to agree, allowing for in- 
accuracies of observation. 
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We see from this table that with a sufficiently long pendulum, the 
deviation of the plane of oscillation will be noticeable at London and other 
places of mean and greater latitudes after a few minutes' observation. 

DiffererU Diredion of the Feriical in Space during BoiaHon, — In order 
clearly to understand the daily rotation of the earth, as well as all other 
motions in space, we must first fully realise the importance of the objection, 
that if we accept the rotation of the earth as a fact we must occupy after 12 
hours the place of our antipodes, or make an angle with our present posi- 
tion increasing in size as we live nearer to the equator. At the equator 
itself our position becomes exactly reversed ; we stand then as if at home 
we were standing on our heads. An inhabitant of London, for example 
(Fig. 16), stands at 6 p.m. so that with his position at 6 A.BL he describes 
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an angle of 102 degrees. This is nothing new, for even with a motionless 
earth we came on our journey from London in the neighbourhood of Alaska, 
into a similar predicament The fact that we do not notice it has already 
been discussed, when speaking of the spherical form of the earth ; but if 
we were suspended by our feet, we should know it soon enough, even 
though we were blindfolded. We should feel the blood rushing to our 
head straight downward like the falling stone. The conclusion therefore 
is, that at all points of the earth the direction of the zenith is for us 
" top," and the direction of the centre of the earth 
" bottom " ; at all points of the earth all matter 
(our blood included) is drawn or pressed towards 
the centre of the earth. We have learned that 
by reason of the power of inertia. A stone which 
we put down without pushing it forward ought 
to lie still in the place where we put it. But the 
stone falls to the ground ; there must therefore 
be some external force which imparts this motion, 
either pressure from above or attraction from 
below. Since we can find no evidence of a pressure from above, the 
zenith varying every moment, we must conclude that this force lies in 
the centre of the earth, the direction towards which all falling bodies 
move. A plumb-line, ie, a piece of string stretched by a cylindrical 
weight, gives us the direction of all falling bodies, and if this line were 
prolonged, it would finally reach the centre of the earth. It is true 
that two plumb-lines hanging close together appear to be parallel, but 
this is only apparently so ; they would intersect each other at a distance 
of 4000 miles ; thus their mutual inclination is not perceptible. 

The Seat of Gravity. — For the seat of the force which makes bodies fall 
to the ground we have to accept the centre of the earth. We call this 
force gravity or gravitation. It would not be impossible to imagine some 
mysterious being stationed there, from whom proceeded the power which 
we call gravity ; but it is also possible to imagine that this power proceeds 
from the centre of the earth without the power itself being actually 
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stationed there, but being merely the resultant of forces uniting in the 
central point. If we accept that every particle of matter on the earth 
(which for our present purpose we will consider to be a perfect sphere, 
composed of perfectly evenly distributed particles of uniform weight and 
volume) exerts its attraction on a falling body, this body must fall in the 
direction of the centre of the earth. For if we connect the falling body 
A (Fig. 17) with the centre C7, any particle of matter X corresponds to F, 
Ijing symmetrically on the other side of the line AO^ 
and their power of attraction, AX and AY^ must act in 
unison with their corresponding attraction in the earth's 
centre. It is much simpler, however, to accept that the 
power of gravity, which belongs to the entire mass of 
particles in common, is a mysterious something in the 
geometrical centre of the earth. 

AU Bodies have Weight. — ^The properties of gravity 
can, of course, only be learned by experience and experi- 
ment We ask : — 

1. Does the power of gravity act upon all bodies t 
Have all bodies weight t 

2. Does it act uniformly upon all bodies, or are some 
bodies attracted more, others lesst 

3. Does it act in the same degree upon bodies at a 
distance from the centre of the earth as upon those 

nearer to it^ and if not, what is the proportion 1 

With regard to the first point, we can easily convince ourselves that 
weight is a universal property, belonging to all bodies. We see that all 
bodies, without exception, fall to the ground. It is true that under certain 
circumstances some bodies seem to make an exception to this rule. A 
piece of paper, a kite, a balloon, do not always fall vertically to the 
ground ; they often move hither and thither, hang suspended in air, or 
even rise. But in all cases of this sort we can point out the counteracting 
forces, and finally all bodies do fall to th^ ground if free to do so. 
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PHENOMENA AT DIFFERENT LATITUDES 

Horizon of Paris^ LatUude 48|''. — Our journey now lies to the south. 
We are abeadj aware that a slight change of station, such as can be 
obtained by a few hours' walking, makes no perceptible difference in the 
appearance of the sky, at least not to the naked eye. We must, there- 
fore, take up our station at a considerable distance, and will imagine 
ourselves at Paris. 

We notice that the stars and constellations here are exactly the same 
as at home, and that they occupy the same relative position towards 
each other. Even in their position as regards the horizon at Paris the 
naked eye will scarcely notice any difference as compared to London. 
There, as here, the pole-star occupies a point rather less than midway 
between zenith and horizon ; there, as here, the sun rises at any given 
place to our right, at a right angle, above the plane of the horizon, 
and so on. But if we look a little closer into it^ we notice several 
differences. 

As before for London, we must begin by finding the meridian of Paris 
by means of the gnomon, and thereupon determine its ktituda We 
find that the latitude of Paris is about 3"" less than that of London; 
the pole-star is about six full-moon lengths nearer to the north point of 
the horizon, or that much lower, than in London ; the latitude is only 
48j^^ Beyond these little differences the celestial sphere moves in both 
places round one and the same axis ; in both places the sun rises in the 
east point on March 21 and September 23, and sets in the west point; in 
both places the rising and setting points lie most to the north on June 21, 
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and most to the south on December 21 ; but the east and west ampli- 
tudes are on those dates somewhat less at Paris than at London. The 
rising and setting points are thus somewhat nearer to the east or west 
point of the horizon. 

The day arcs have also undergone a change ; the diurnal arc of June 
21 is somewhat shorter, that of December 21 somewhat longer, in Paris 
than in London. The same thing applies to the intervening space of time : 
the days of the summer months are somewhat shorter, and those of the 
winter months somewhat longer, than the corresponding days at London. 
On the other hand, the culminations of the sun are in Paris 3° higher than 
in London on the corresponding days. 

It is evident that in so far as the temperature of Paris and of London 
depends upon the sun, ie. irrespective of terrestrial influences (natural 
condition of the soil, water, wind, etc) and the modifications thereby 
produced, the day in Paris must be warmer than the corresponding day 
in London, because the rays of the sun fall at a greater angle. These 
observations prove that the phenomena of the celestial sphere have 
suffered no alteration, but merely that the position of the horizon at 
Paris varies slightly from that at London. If our celestial globe be set 
for London it can be arranged for Paris by turning the globe on the 
east-west line Z"" to north ; i,e, we hold the globe steady (in the frame) 
at the east and west points, and gently pull the pole 3** lower down. 

Horizon of Southern ExtremUy of Europe^ Latitude 36". — At the most 
southerly points of Europe, somewhere about Cape Matapan, Cape Tarifa, 
etc., we register a latitude of 36" ; the altitude of the celestial equator 
therefore is 54" (Fig. 18). As compared with London, the difference in 
the appearances here is much greater than it was at Paris. When 
looking at the sky we notice at once without any measurements that 
the pole-star is much lower down. Of the seven stars of the Plough 
(Great Bear), the star in the tip of the tail {tj of the Great Bear) is 
no longer a circumpolar star, and in the south, stars appear above the 
horizon which can never be seen in London ; amongst them there is one 
star of first magnitude (Canopus in Argo, the ship). As in Paris, but 
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FiQ. 18. — Horizon of Cape Uatapan, 
Latitade 86*" N. 



in a greater degree, the east and west solar amplitudes become less ; the 

extreme length of the diurnal arc de- 
creases, and the culmination height is 

greater than in London. On March 

21 the sun culminates there at an 

altitude of 54"*. On June 21 the sun 

stands 54+23 = 77", therefore only 

IS*" from the zenith; even on Dec- 
ember 21 its height at noon is 54 - 23 

=3 3V above the south point. 

A globe set for London can be 

arranged for Cape Matapan in the 

same way as for Paris ; only instead of 

turning it 3*", it should be turned 15j^\ 
Horizon of Suez, Latitude 30*. — In 

Suez (Fig. 19) the latitude is 30*" ; altitude of the celestial equator, 60**. 

When the globe has been set at 
this latitude, it is quite an easy matter 
to read off the dates of the positions 
of the sun, etc. Thus we find, for 
instance, that on June 21, at noon, 
the sun is only 7** off zenith. We 
leave all further deductions to the 
intelligent reader. 

Horizon of Assouan, Latitude 23^^ 
— We now come to Assouan, ancient 
Syene. There the pole-star is only 
23^% about 47 full-moon lengths, 
above the north point (Fig. 20). The 
Great Bear and Cassiopeia are no 
longer circumpolar constellations, 

but, on the other hand, in the south several new stars and constellations 

make their appearance, amongst which is the famous Southern Cross. 




Pia. 19.— Horizon of Suez, Latitude 30* N. 
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On March 21 the sun rises there, as with us, in the east point, and 
sets in the west pointy but ctdminates at an altitude of 661*", higher, there- 
fore than he does in London on June 21. The successive rising points 
move northward, and the days become longer ; both, however, less per- 
ceptibly than at London. On June 21 the east amplitude is only about 
25}*, the length of day about 13 hours 23 mins. ; but the culmination 
height^ on the contrary, is 66^+23^ B90^ ie. the sun culminates in 
xenith. The shadow of a vertical object falls straight under it At noon 




Fio. 20. 



-Horiioii of AtMUAii (Kgypt), Latitade 23}** N. Here the ran is vertical 
At noon on June 21. 



on June 21 the inhabitants of Assouan have no shadow, and at that hour 
an open well or pit reflects the face of the sun. After that the rising 
points gradually go back towards the east point, where the sun rises on 
September 23, and move back still farther south until on December 21 
the east amplitude of 25}* is reached. The meridian altitudes decrease, 
but oven on December 21 the sun still culminates at 66 j^ - 23^ = 43*, 
higher, therefore, than it does at London on March 21, the first day of 
spring. Consequently in Assouan the heat of the sun on December 21 
(the day on which its power is least) must be still greater than in London 
on the first day of spring ; and on June 21 the heat of the sun reaches its 
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mazimum. A globe set for London can be altered for ABSouan by turning 
it nearly 28** on the east-west line. 

Horizon ai 20** Latitude (Nubia). — About three or four days' journey 
south of Assouan (in Nubia^ somewhere near the third Nile cataract), we 
reach a spot with a latitude of 20* (Fig. 21). There the 20th parallel 
circle, in which, as we know, the sun is on May 21, passes through the 
zenith. The sun, therefore, culminates there on May 21 in the zenith, and 
after May 21 he culminates on the northern side of the zenith. On June 21 




Fia. 21.— Horison at 20** Latitude (Nubia). 

the sun's culmination point is 3^** (seven full-moon lengths) from zenith to 
north, ie. 86|** beyond the south point. From there it retrogrades until 
on June 21 it once more stands at the zenith. After June 21 the sun 
culminates from the zenith southward, and on December 21 reaches the 
lowest height, 43^** from the zenith (46j^^ altitude), and from that date until 
May 21 again ascends towards the zenith. For the inhabitants of those 
regions, therefore, the midday shadow does not fall in the same direction 
(the north) all the year round, but from May 21 to July 21 it falls to the 
soutL On those two dates they cast no shadow at all at noon, and during the 
remainder of the year the shadow falls to the north. The longest day (June 
21) has only 13 hours 13 minutes, and the greatest east amplitude is 25*. 
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Horizon of Lake Tzana, LaiUude 12*.— Still fartlier bouUi, in the neigh- 
bourhood of Lake Tzana in the Abyssinian mountains, the latitude is only 
12* (Fig. 22). At LaJce Txana, therefore, the sun culminates in the zenith 
on April 21 and August 21, as on those dates it is in the 12th parallel 
drde, which then passes through the zenith. From April 21 to August 21 
the midday shadow falls to the south, and in other respects the phenomena 
are the same as those of the former station. The sun's meridian altitude 
<m June 21 is 11^* from the zenith to north, 78^*" beyond the north point 




FiQ. 22.— Horizon of Lake Tuma, Latitude 12* N. 

on December 21, 35^** from the zenith to south, 54|* beyond south point 
Longest day, 12 hours 52 minutes ; greatest east amplitude, 24^ 

We draw attention to the fact that in this latitude the sun (as well as 
the stars) rises almost perpendicularly to our right (as we face the east) 
at an angle of 78**. 

Horizon of the Sources of the NiU^ Laiitude 0^ — We now come to the lake 
district of the sources of the Nile — Lakes Albert Nyanzaand Ukerewe (Fig. 
23). Here the pole-star is in the north point of the horizon ; the latitude 
is 0'; the equator passes through the zenith; the axis is horizontal ; the south 
polo, not marked by any prominent star, is in the south point of the horizon. 
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San and stars no longer rise obliquely, but vertically above the horizon. East 
and west amplitudes are equal to their corresponding declinations ; all diurnal 
circles are divided by the horizon into two equal halves; their day and night 
arcs are all alike (180**). There are no circumpolar stars ; every star — ^the 
sun included — ^remains throughout the year twelve hours above and twelve 
hours below the horizon daily, but in the north and south points the two 
poles remain motionless, the north pole being known by the close vicinity 
of our familiar polenstar. On March 21 the sun rises in the east pointy 




Fia 28.— Horizon of the Sources of the Nile, Latitade OT, 



culminates at the zenith, and sets in the west point of the horizon. From 
thence it culminates during our six summer months from zenith towards 
the north, and during the winter months from the zenith towards the south. 
It reaches its greatest distance from the zenith (23^*) on June 21 and 
December 21 — on the former date 66^*" beyond the north point, on the 
latter an equal distance beyond the south point. Apart from other 
meteorological influences, the 21st of March and 23rd of September must 
be the hottest there, the 21st of June and 21st of December the coldest 
days, and the two latter, in spite of their dijBferent situations, must be 
equally hot^ because the sun reaches the same meridian altitude. For 
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those regions, therefore, the year is generally divided into two equal 
halves, in accordance with the influence of the sun, but it is evident there 
can be no question of seasons in the ordinary sense of the word. 

Journey to the North. — We return to London, and from there travel 
north. Manchester is our first station, but as there is only 2*" difference 
between the latitude there and at London, even the telescope can detect 
no great differences ; the latitude of Edinburgh is 4^"* greater than that of 
London (56**), and the trained eye can, without the help of instruments, 




Fio. 24.-- Horizon of St Petenbuig, Latitude 60* N. 

detect some slight differences, the pole-star being there about eight full- 
moon breadths higher up in the sky. But we must leave the reader to carry 
out his own observations from the above-named places, and we proceed at 
once in imagination to a much more northerly station. 

Horizon of St. Petersburg, LatUude 60° N. — Li St. Petersburg, and as nearly 
as possible in Stockholm also, the latitude is 60^ altitude of the equator 
therefore 30** (Fig. 24). Dividing the quadrant between the north point 
and zenith into three equal parts, we find that the pole-star stands in the 
second section. From the 30th parallel all the stars are circumpolar stars, 
as, for instance—Lyra, Perseus, the greater part of Andromeda and Bootea 

On March 21 the sun rises in the east pointy ascends the same as on 
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all other days, and the same as the stars, at an angle of 30" to our right ; 
culminates at an altitude of 30*", and sets in the west point 

The rising points recede from the east point more rapidly than they 
do with us, and the days increase in length more perceptibly. On April 
21 the declination of the sun is 12*". Its east amplitude, however, 
reaches on that date 24^*, and the length of day is H hours 50 minutes. 
The sun culmmates at an altitude of 30''+12'* » 42". On May 21 its east 
amplitude is 43% the length of day 17 hours 13 minutes, its meridian 
altitude 30*'+20°»50^ On June 21 its east amplitude is 53% length of 
day 18 hours 20 minutes, culmination height only 30**+23|**»53^% about 
the same as at Vienna on April 25. 

It is superfluous further to detail these simple appearances ; it therefore 
only remains to remark that on December 21 the length of day is 5 hours 
40 minutes, and the sun culminates at an altitude of 30** - 23|° » 6|". 
Because of this very low position of the sun a gnomon of not more than 
1 yard in length will cast a shadow of 8| yards, or in other words, 
behind a wall 1 yard high, no direct ray of the sun could reach the 
ground except at a distance of 8| yards at noon on December 21. A 
space 8| yards square, surrounded by a wall 1 yard high and open from 
the top, would on that day receive no direct ray of the sun. (In order 
that a space of the above given dimensions may receive no direct sun- 
light throughout the year, the wall surrounding it would have to be 
about 12 yards high.) 

Horizon of TomeOy Latitude 66 J* N. — We now proceed to Tomea, at the 
mouth of the river of that name, on the Gulf of Bothnia (Fig. 25). 
There, or rather a little more to the north, the latitude is 66^*", altitude 
of the equator 23^^ The region of circumpolar stars has extended; 
the tropic of Cancer is now its limit (boundary circle); Castor and 
Pollux, the two bright stars in Gemini, are here circumpolar stars. On 
March 21 the sun rises in the east point, culminates at an altitude of 
23^% and sets in the west point. Day and night are of equal length. 
But as early as April 21 the east amplitude is 31^**, and the length of 
day nearly 16 hours. On May 21 the east amplitude is 59% and the 
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length of day 19 hours 35 minutea On June 21 the sun is in the tropic 
(of Cancer) which we have seen is for Tomea the boundary circle of the 
circumpolar stars. On June 21, therefore, the sun is a circumpolar star, 
is at midnight in the north point (also very nearly its rising pointy at 
6 A.M. in the east^ culminates at noon 23]^"*+ 23]^" beyond the south point; 
at 6 P.M. the sun is in the west^ and at midnight once more at the 
north point 

After June 2 1 the points of rising gradually move towards the east pointy 




Fia. 26.— Horizon of Tomea, Latitude 66^** N. 

which is reached on September 23, on which date day and night are once 
more equal The days now shorten rapidly, until on December 21 the sun 
enters tlie tropic of Capricorn, which, for Tomea, is the boundary circle of 
the southern circumpolar stars. The sun touches the south point only at 
midday; the night is 24 hours long. The imposing sight of the mid- 
night sun at the time of the summer solstice, which may be witnessed 
from Mount Asvasaza, near Tomea, attracts many tourists to that place. 
Horizon of Attengaard^ Latitude 1(f N. — Near Altengaard in Norway, 
which can boast of an institute of physical science and a magnetic 
observatory, the latitude is nearly 70' ; at Hammerfest^ the most 
northerly town of Europe, a little over 70' (about 70|'). The altitude of 
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the equator is therefore only 20**, and the 20th parallel, in which the sun 
is on May 21, is the boundary circle of circumpolar stars (Fig. 26). 

On May 21 the sun reaches the north point at midnight^ culminates at 
noon 40'' above the south point, occupies each day at midnight a somewhat 
higher position than the previous day, while it makes 30 complete circuits 
round the horizon ; and on June 21, at noon, reaches an altitude of iS^ 
above the south point (upper culmination), at midnight 3]^", or seven full- 
moon lengths, above the north point (lower culmination). Then it describes 




Fio. 26.— Horizon of Altengaard, Latitude 70^ 



another 30 circuits, slowly descending, and returns to the north point at 
ipidnight on July 22. Thus the longest day lasts two months, ue. during 
that time the sun is a circumpolar star, and necessarily the longest night 
is equally long (from November 22 to January 21). Both Altengaard 
and Hammerfest are well-populated, busy places. 

Still more Northerly Places. — ^From the above stations it is extremely 
difficult to penetrate farther north, but, frequent whaling and sealing expe- 
ditions are made during the short summer in the Arctic Ocean, and the ships 
sail into regions of 75* or even 80° latitude. The North Polar expeditions 
penetrated farther north even than that ; the Austro-Hungarian expedition 
reached a point above 82* latitude, and Nansen and Peary higher stilL 
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So far no one has succeeded in reaching a higher northern altitude, 
but considering all the above calculations, there is no doubt that, if only 
we could trayel far enough north, a point would be reached where the 
pole is in the zenith. That would give us the vertical position of the axis 
(latitude 90" parallel sphere) ; not one star would rise or set; there would be 
only circumpolar stars, their boundary circle coinciding with the horizon 
(Fig. 27). The celestial sphere would move from left to right like the 
hands of the dock, and with it the sun, spirally ascending from March 21 



J^ ^TTT. .^ 



Fia 27.— Horixon with Vertical Axis, Latitude 90". 



to June 21, and descending from June 21 to September 23, would be for 
half a year (our summer months) a visible circumpolar star, and then dis- 
appear and become /m invisible circumpolar star for the remainder of the 
year. We do not relinquish the hope that this point may yet be reached, 
notwithstanding the enormous sacrifices of life and money which these 
expeditions have already demanded. 

Horizons wUh SotUkem LoHtudes. — We now return to the torrid zone 
and the neighbourhood of Lake Ukerewe, where the axis of the celestial 
globe occupies a horizontal position, and continue our journey from there 
towards the south. Our pole-star is the first to disappear; it sinks 
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behind the horizon in the north pointy but in the south, i.e. to our 
right as we face the sunrise, where up to now the sun cuhninated, a new 
point arises which does not change its position above the horizon, but 
unfortunately this point is not marked by any specially brilliant star ; 
it is a new pole, the south pole. The sun rises here on the same side as 
it did above the horizons we have just visited, but^ turning our face 
towards the rising sun, we see it ascend no longer obliquely to our 
right, but obliquely to our left (when joumejring south the sun always 
rises to our left, when journeying north idways to our right). The 
sun's culmination points here (and henceforth) lie on the side of the 
meridian circle facing north. The southern portion of Lake Nyanza 
has S. latitude 12^ altitude of the equator 78^ On October 22 the 
sun culminates in the zenith, after that date from the zenith south- 
ward, reaching its lowest point on December 21, 11]^^ from zenith to 
south, 78^"" beyond south point Then the culmination heights increase 
again, until at noon on February 19 the sun is once more in the zenith. 
From that date they sink on the north side ; on March 21 the culmination 
height is TS"" beyond the north pointy and on June 21 the minimum is 
reached with 5^"* (shortest^ coldest day). All the appearances correspond 
to those of Lake Tzana, 12'' N. latitude, only that right and left, summer 
and winter, are reversed. Sofala has 20"^ S. latitude; the sun passes 
through the zenith on November 22 and January 21, culminates on 
June 21, SJ"* from zenith towards the south, on December 21, 43^"* from 
zenith towards the north. The appearances are analogous to those of Nubia. 
At Cape Corrientes, on the African coast of the channel of Mozambique, 
the S. latitude is 23^"" ; there the sun passes through the zenith only once 
a year, on December 21. The appearances here are a counterpart to 
those of Assouan (Fig. 20). In Port Natal, SO"" S. latitude, the sun 
culminates all the year round on the northern half of the meridian circle ; 
the appearances are the same as at Suez. At the Cape of Oood Hope, 
with 35"" S. latitude, the phenomena are almost analogous to those of the 
extreme south part of Europe. 

Taking ship at the Cape of Oood Hope, and sailing from there south- 
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ward, S. latitude becomes greater, and we reach spots which form counter- 
parts to Paris, London, St. Petersburg, and lastly Tomea (Fig. 25). 
The station corresponding to Tomea is very difficult of access; there 
the sun is on December 21 at midnight in the south point, ascends at 
an angle of 23j^'' to the left (east), reaches the east point at 6 JLIL, 
culminates at noon, 47^ beyond the north point, then begins to descend, 
is in the west at 6 p.m., and at midnight returns to the south point On 
June 21 the sun never rises, but only touches the north point 




North. 



FiQ. 28.— Horixon at Gape Corrientes, Latitude 23} 8. 



The Diminution of Gravity inversely as the Square of the Distance. — ^When 
we attribute the falling of bodies to the collective power of attraction of all 
particles of matter, we can express this equally well by saying Uiat this is 
the result of a force proceeding from the central point, and acting with the 
combined force of all the individual attractions. But it stands to reason that 
this force, like any other radiating in di£ferent directions from one central 
point, must act inversely as the square of their distance from each other. 
We will imagine a hollow globe, with any given semi-diameter, round 
this central point ; the action of the attractive force will be diffused over 
the entire surface of the globe. When we take the semi-diameter two, 
three, four times larger, the surface of the globe becomes four, nine, 
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sixteen times larger. The action is thus spread over a space four, nine, 
sixteen times as great ; on an equally large space, therefore, falls only a 
fourth, a ninth, or a sixteenth part of the action. 

This statement, which reason tells us must be correct^ has to be 
proved by experiment If it be correct, then a body at twice the 
distance must have onl7 a quarter of the original velocity, and 
act with only a quarter of the pressure. As we have to exclude 
direct experiment, and also the pendulum experiment specially adapted 
to this purpose, there is nothing left but to find out whether the 
pressure, the absolute weight of a body, diminishes with its distance 
from the eartL But how can we do this ? Avoirdupois weight cannot 
help us, for if a body exercises less pressure on the top of a mountain 
than at the bottom (sea-level), i,e. has less weight, it stands to reason 
that the scales with which we weighed the body must have undergone 
the same diminution of weight. We must, therefore, endeavour to 
measure the amount of attraction or pressure exercised by the gravity of 
the earth, by taking as a standard measure some force not influenced by 
the gravity of the earth. There are many ways in which we might 
ascertain the general diminution of gravity, if we could remove ourselves 
sufficiently far from the surface of the eartL If, for instance, we 
could ascend as high as 4000 miles above the surface, we ought to 
be able to lift four times as heavy a weight, because at that elevation 
4 lb. would only exercise the attraction or pressure of 1 lb. here. But 
supposing we ascended a mountain one mile in height, the weight of a body 
there would stand in relation to a body at sea-level as 4000^ : 4001^ ie. 
as 4000 : 4002 (nearly), or 1 : 10005. 

Elasticity is the most satisfactory medium to verify the diminution of 
weight, the principle of the spring-balance. 

A spiral spring is fixed in the centre of a vertical board (Fig. 29). 
To the other end of the spring is fastened a needle and a little dish to 
hold the weights. The needle plays up and down the scale as the spring 
is being more or less stretched. 

With the assistance of this balance it is possible to determine the 
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weight of different bodies (always, of coarse, within the range of the 
balance). Letter-scales are generally made upon this principle. If 
100 g. be laid on the spring-balance at searlevel, the needle will register 
100 on the scale, but at the top of a mountain one mile high (say in the 
Himalayas) 100 g. will only register 99*7 g. 

Bodies have Mutual AUradion. — All matter is attracted by the earth. 
But if we regard the power of attraction as a force which belongs alike 
to all particles of matter, we come to the paradoxical conclusion that 
the stone which we lifted from the ground and 
dropped again, so long as it formed part of the earth, 
did attract, but when lifted and let fall was being 
attracted. Continuing this train of thought^ we 
begin to suspect that perhaps attraction is a reciprocal 
g . force, that all matter has mutual attraction, and that 

i I the stone falls to the ground simply because its 

^/XB mass is immeasurably small as compared to that of 

I the eartL It is somewhat similar to our adding 

I another particle of dust to an already heavily weighted 

balance. Be the balance ever so sensitive, it would 
cause no perceptible difference; while if the scales 
were unloaded the particle of dust would be sufficient 
to destroy the balance of the scales. It will therefore 
be desirable to prove in some way that the power of 
attraction is a force resident alike in all particles of matter. 

Cavendishes Torsion Balance, — If we suspend a small ball to a thin 
piece of wire, the ball will pull the wire in the direction of the centre of 
the earth. If we were able to bring a sufficiently large mass to bear upon 
it sideways, the ball would be deflected to the side. But we have no such 
mass at our disposal large enough to counteract the attraction of the 
earth. If, however, we could make the ball irresponsive to the attraction 
of the earth, a ball of moderate size would be sufficient to attract the 
smaller balL This is the principle of the Cavendish Torsion balance. 
A light rod is horizontally suspended, fastened in the centre to a fine long 




Pio. 29.— Spring- 
Balance. 
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vertical wire without torsion (say of platinum) (Fig. 30). At each end of 
the rod is a small ball, while to the right and left of the point of suspension 
of the lever are two metal balls of medium size, say of iron or lead, so as 
not to choose the more expensive platinum or gold. When the lever 
coincides with the line connecting the centres of the two larger balls, it 
will remain in repose, because both balls attract the rod towards their own 
centre. But when we place the lever in the dotted position the little ball 
a is nearer to A than to B, and b is nearer to B than to A. Thus, 
because their power of attraction increases in proportion as the inverse 
square of their distances^ a is attracted with more force towards A^ and b 
towards £, and the rod twists in the direction of the arrows. If we re- 
place the balls A and B by glass 
globes filled with mercury, the result _ J^\^ _ 

will be the same. /a^^ \. i rf^ 

These experiments have been V^m 2 \, ? \^V 

made several times, and confirm the ^•^^ ^\jf ^^^ 

universal attraction of matter. We «, oa /^ jt v «. ^ 

Fia. 80. — CavendiBh Experiment 

must remember, however, that these 

experiments were not made to establish the fact of universal attraction, of 
which &ct one was already fully convinced, but they were made in order 
that^ by comparing the magnitude of this attraction with that of the earth, 
the weight (mass) of the earth, and hence its density, might be ascertained, 
but this is not of present interest to us. 

Deflection of the Plumb-Line on Isolaied Mountains. — ^Another method by 
which to prove the universal attraction of matter is found in the following 
suggestion. In the neighbourhood of an isolated mountain a pendulum 
ought to be deflected towards the mountain, and away from the direction 
of the centre of the earth — only, of course, in the immediate neighbourhood 
of the mountain ; for as the force of attraction varies as the inverse square 
of the distance, the deflection must become imperceptible at a moderate 
distance. How can this experiment be madel For the deflection must 
afl'ect everything, our own position included. Even our zenith will be 
displaced without our being aware of it At first sight we might be disposed 
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to think that the pendulum in the vicinity of such a mountain must form 
with the horizontal, ie. the surface of still water, an obtuse angle towards 
the mountain and an acute angle in the opposite direction. But if we keep 
in mind that the water-level, the horizontal position, is also the result of 
attraction, it becomes evident that in this, as in all cases, the vertical and 
the horizontal must make a right angle with one another. The following 

experiment, which also was primarily made to 
ji ascertain the density of the earth, will supply 
us with the desired result 

From two opposite stations due north and 
south of an isolated mountain (the experiment 
was made in 1772 on Mount Schiehallion in 
Scotland), we determine the zenith distance 
of the same star at the time of its culmina- 
tion (Fig. 31). The difference of these zenith 
distances (as the star occupies the same point 
in the heavens) gives the distance between 
the zeniths of the two stations, Le. the 
difference of the points in the heavens towards 
which the pendulum points at either place, ie. 
the arc AB in the heavens. If the mountain 
does not deflect the pendulum, their relative 
lines of prolongation must meet in the centre 
of the earth, and the arc db on the surface of the earth must number 
as many degrees, minutes, and seconds as AB, i,e. as the angle at the 
centre of the earth. We measure the actual length of the arc ab. That 
this can be done, notwithstanding the intervening mountain, has been 
proved effectually by the engineering work done during the construction 
of railways, etc. From the length of this arc we can calculate the 
number of degrees, minutes, and seconds of oi, for we know that one 
degree on the earth's surface measures 60 geographical miles or 69*2 
English statute miles, or more exactly, we know the length of degree of 
the meridian at any place. If this length corresponds with the length as 
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determined by astronomical observation, then there is no deflection, but 
if there is any deflection the two pendulums will make a greater angle 
than the plumb-lines from the two extreme points of the arc ah with the 
central point ; the geodetical arc oi, expressed in degrees, must be smaller 
than the astronomical corresponding arc AB. (This is merely iUustrative 
of the principle since the earth is not exactly spherical) 

The Law of Universal Attradion. — It is quite evident from the foregoing 
experiments that the power of gravity is a force belonging alike to all 
particles of matter. Every particle of matter in the universe attracts every 
other particle with a force inversely as the square of its distance from any 
such particle. If one body is considerably larger than the other body, 
as is the case with the earth and a falling stone, or even a large rock, we 
ignore the attractive force of the smaller body, and simply say that it is 
attracted. Every body is attracted in proportion to the mass of the 
body attracting it^ and in inverse proportion to the square of its dis- 
tance from the point in which the power of attraction of all separate 
particles of matter is supposed to be centred (centre of attraction, in the 
case of the earth, is the centre of the earth). Supposing the earth pre- 
served its original weight (mass), but were so compressed that its semi- 
diameter became reduced to half its original length, all bodies on its surface 
would fall with four times increased velocity, and a body now weighing 
one pound, would then weigh four. If, on the other hand, the earth pre- 
served its present bulk, but possessed twice its mass, bodies wou?i fall 
on to its surface twice as swiftly, and a body now weighing one pound 
would then weigh two. But if the smaller body were not insignificantly 
small in comparison with the larger one, the two bodies would gradually 
approach one another (of course the smaller one travelling quicker than the 
larger), and the magnitude of their mutual attraction would depend upon 
the product of the masses of the two bodies, and their distances from 
each other. 



MOTION OF THE EARTH AND OF THE SUN 

We may look back with some satisfaction upon the results so far 
obtained. We have acquired a deeper insight into the phenomena of the 
universe, and have found their explanation so much simpler, so much 
more reasonable, than we thought possible before, that we cannot but 
rejoice in the consciousness that^ although we may not yet know 
all the truth, we are at any rate in a fair way towards knowing it 
The fact of the earth moving round its axis with uniform velocity is so 
absolutely in accordance with the law of inertia that^ once accepting the 
&ct of rotation, we could not conceive of it being otherwise. A first cause 
for this motion, which must exists we know not The primary causes and 
final issues of things are hidden from us, and our deductions and investiga- 
tions must be based upon observations. In our case we can reason in this 
way: We know that the earth rotates on its axis; the original cause of 
this motion is for the present, and possibly for ever, hidden from us, but 
it is in accordance with all laws of motion, with all existing phenomena ; 
therefore it is reasonable to accept the theory as correct The only thing 
which might possibly be raised in objection to it would be that it is 
hardly possible for us to make, say, a top spin, without at the same time 
producing a local secondary motion. Our case, however, is somewhat 
di£ferent. On the one hand, we cannot free ourselves from the power of 
gravity or from the resistance of universal motion; and on the other 
hand, a progressive movement of the earth would be quite conceivable, 
without our being aware of it 
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Moium of Falling Bodies accelerated by a Side Push. — We should feel a great 
deal more satisfied if it were possible to reconcile the resolution of the 
moon and of the sun with the laws of gravity and of inertia as set forUi 
in the preceding section. In order to attempt to do this we must 
examine somewhat more closely the phenomena attendant upon gravita- 
tion ; we must take a case where, besides the power of gravity, another 
force is brought to bear upon a body. We take a stone and drop 
it, not straight down, but with a slight side push, or we shoot a bullet 
from a gun in horizontal direction ; in both cases these bodies describe a 
curved line concave towards the eartL The greater the force brought to 
bear, the less curved will be the line, and the greater the distance traversed 
before the body touches the eartL This phenomenon is easy to explain. 
In obedience to the law of inertia, a body will retain the straight direc- 
tion imparted to it, with unchanging velocity, but in obedience to 
the attraction of the earth, it is gradually drawn away from this 
straight path, and the result is a curve. Assuming the push with 
which it is sent forward ever to increase in strength, a point must 
be reached when the body does not fall towards the earth any longer, 
but is forced to revolve round the earth either in a circle or otlier 
curve. 

Let us see whether the moon's motion could be thus explained. We 
naturally take the moon's motion firsts because the moon is comparatively 
near to us, at any rate much nearer than the sun. We must be sure of 
two things : firsts that the moon is small enough to justify our disregard- 
ing (at any rate in a preliminary approximate calculation) its attraction 
upon the earth, which must exists because it is attracted by the earth, 
and all attraction is mutual Secondly, we must be able to prove that 
the deviation from the straight line of motion is sufficiently great to be 
accounted for by the attraction of the distant earth. The former we can 
allow, because we know that the earth is more than eighty times as 
heavy as the moon. The second point we will now inquire into. 

Falling of the Moon towards the Earth.— Let MX (Fig. 32) be a portion of 
the moon's orbit, M, the moon, 0, the centre of the earth. If the moon 
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moved moroly farther from the point M because of its inertia, it would 
travel in a straight line in the direction MV. If in a unit of time the moon 
reached if, then PAT, which equals ML, represents the amount by which 
during that time it has come nearer to the eartL This space ML, there- 
fore, ro])rosents the attraction of the eartL Let a second be the unit of 
time. Wo can then calculate the piece MM (the path of the moon) in 
one second. As the diameter of the moon's orbit, ie. its distance from 
the earth, is 240,000 miles, the circumference of the 
path must be 2 X 3*14159 X 240,000 « 1,500,000 
miles nearly. The time required to travel this 
distance is 27^ days » 27^ x 24 X 60 X 60 seconds 
» 2,361,600. The moon, therefore, accomplishes 

in one second a distance of -^ =*64 mile. 

2,361,600 

This is the length of the arc MM. For all 
practical purposes this arc may be called a straight 
line, as it represents the 2,361,600th part of the 
whole orbiti therefore only 360'*-r2,361,600» 
l,296,000'-r-2,361,600 = 0-56 seconds of arc The 
distance ML may be calculated by elementary 
geometry, either by the use of the isosceles tri- 
angle MMO, or the two equal triangles MML and 
MMN, in which latter MN is a diameter of the 
moon's orbit (Euclid, Book IIL). In both cases we find that the 
distance ML is equal to the square of MM^, divided by the diameter 
of the moon's orbit^ %,e, the square of "64 divided by twice 240,000 
miles. Both numbers must be expressed in the same units. We 
might also divide the square of 1*019 by twice 383,000 kms., in 
which case the result (the length of ML) would be obtained in 
kilometres. Thb comes to 1019^ : 766,000,000 = 1,038,361 : 766,000,000 = 
0*00136 m. «r36 mm. In one second the moon comes about 1*36 mm. 
nearer to the earth, or each second the moon falls towards the earth 
through a distance of about 1*36 mm., or -jj^ ia 




FiO. 82.— FaU of Moon 
towurdi the Earth, or 
dorUtion from the 
■tnight line of motion. 
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It has, however, been proved after careful investigation that a body 
falls to the earth in one second from a distance of about 16 feet (or 
4*9 mm.). As the moon's distance from the earth is about 60J earth's 
semi-diameters, and the force of gravity varies inversely as the square 
of the distance, it is obvious that the force of attraction is diminished 
60^X60^=3630 timea A body at that distance, therefore, be it the 
moon or some other body, is attracted by the earth at such a ratio that in 
the first second it falls towards the earth 4900 : 3630 » 1*35 mm. These 
figures, which show with what speed the moon must fall towards the earth 
in one second according to the accepted laws of gravitation, correspond 
with the moon's actual velocity, as determined by its motion, to within 
0*01 m — closely enough to admit of no doubt with regard to the 
assumption that it is the earth which keeps the moon within its orbit 
These, moreover, are merely rough figures; a more exact calculation 
reduces the difference to nil 

Motion as applied to the Sun, It is not the Sun bui the Earth that moves, — 
Of course the same principles could never be applied to the motion of the 
sun. We have here to deal with a body not merely of larger size than 
the earth, but of such gigantic proportions that the earth by comparison 
becomes immeasurably small. We have for the time being taken no 
notice of the force of the moon's attraction upon the earth, as the moon 
has only about an eightieth part of the earth's mass. Now, according to its 
volume the earth is about a millionth part of the sun ; if the force of 
gravity does exist between them, it is not the earth but the sun which 
exercises the greater attraction. And the more we study the laws of 
gravitation, the more unlikely it becomes that the earth should be the 
force which keeps the sim in its place. The insignificant earth cannot 
possibly be the cause of the sun's motion, and yet the centre of the sun's 
orbit lies in the centre of the earth, just as in the case of the moon's 
orbit. Is this another instance of optical illusion ? Can it be that the 
sun's motion is merely apparent, and that the phenomenon must be 
explained by another motion in which we take part» therefore earth- 
motion again 1 Assuming that the distance of the sun from the earth. 
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in spite of its immensity (93,000,000 miles), is in comparison with the 
distance of the fixed stars, or as compared to the size of the celestial sphere, 
so small that a changing of its centre by 93,000,000 miles would not 
be noticeable, then the annual revolution of the sun from west to east^ 
between the constellations of the zodiac, could be explained by a revolu- 
tion of the earth. 

Fig. 33 illustrates this. The large circle represents the ecliptic, and 
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the twelve signs of the zodiac are marked on its circumference. We 
must, however, try to imagine this circle of such immense size that its 
centre might be either in S or in E, or in other words, that the line 
ESf although to us it represents a distance of 93,000,000 miles, 
contracts at that standpoint into one single point According to this 
assumption the circle in our diagram is still far too smalL We will for 
the present assume that the sun moves round the earth. Let E be the 
centre of the celestial globe, and the small circle round the centre E be 
the sun. When the sun stands in 5 we see it from E in T. It will then 
be March 21; when during the next thirty days the sun travels 
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from iS^ to 2 it moves for the station E from T to b in the sky ; a further 
advance to 3 brings the sun from to 11, etc, round the whole circle. 
But if we leave the sun at rest in S, and take it for granted that we, with 
the earth, move from March 21 to April 21, from j& to IL in the circle 
round 5, it must still appear to us as if the sun travelled the distance in 
the sky between T and 6 ; when the earth moves from 11. to m. the sun 
appears to travel from to 11, etc. ; in shorty the phenomena are exactly 
the same whether the sun revolves round us from west to east or whether 
we revolve round the sun also from west to east When the sun, as seen 
from the earth, stands in Aries, the earth, as seen from the sun, would 
be in Libra. We could say, therefore, transporting the motion to the 
heavens : A revolution of the sun through the signs Aries, Taurus, 
Gemini, eta, beginning from Aries, and a revolution of the earth 
through the signs Libra, Scorpio, Sagittarius, etc., starting from the 
point of the autumn solstice, lead to exactly the same phenomena, pro- 
vided always the sphere be of sufficiently large proportions. Now, as 
it is impossible to assume that the gigantic mass of the sun should move 
round the earth, and as we have been convinced more than once that our 
ideas of the size of the universe have deceived us, we do not hesitate to 
accept the theory that the annual revolution of the sun, as well as the 
diurnal, is merely an apparent one, and that the delusion is effected by the 
earth's revolution round the sun. This theory is further enforced by the 
fact that the annual revolution of the earth round the sun, and its rotation, 
have the same direction from west to east. 

PosUion of (he Earth in Us Orbit. — ^What should be the position of the 
earth in its orbit, the ecliptic, in order that all the phenomena, also those 
relating to the seasons, may be in harmony f As the poles remain station- 
ary during the annual revolution, the axis must also remain in the same 
position, i.e, during the motion the axis remains parallel to itself. But 
the earth's axis, and consequently also its prolongation, the axis of 
the celestial sphere, describes in the course of a year the surface 
of a cylinder; its extremities describe a circle of 93,000,000 miles 
in diameter, but this circle is contracted into one pointy the pole. Its 
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axis forms an angle of 66^"" with the plane of the ecliptic, as the latter 
is inclined at an angle of 23^** to the plane of the equator. On 
March 21 its inclination is such that the line joining the centres 
of sun and earth strikes the equator (Fig. 34 at the top of diagram — 
Spring). On June 21 the earth has advanced OO*", from the first point 
of Libra to the first point of Capricomus. As, however, the axis has 
retained the same position (direction) in the space, the line joining the 
centres of sun and earth now strikes the tropic of Capricorn (Fig. 34 at 
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left hand of fig. — Summer). On September 23 its position is as indicated 
in the diagram by the figure at the bottom — ^Autumn, and on December 
21 as in figure at right hand — ^Winter. It is easy to see that the 
phenomena at the several points of the earth, as here illustrated, agree 
with what we know already. 

Eix^lanaiian by Means of a Terrestrial Ohbe. — In order that this most 
important fact may be thoroughly understood, we will explain it more 
fully by using the globe. In this case the horizontal ring of the framework 
does not represent the horizon, but the plane of the ecliptia All globes 
are arranged to serve this double purpose. On the horizontal ring the 
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namesof the cdgnsof the zodiac have been inscribed : at the east pointy Aries; 
at the north pointy Cancer; at the west pointy Libra; and at the south pointy 
Capricomus. In the spaces between these the other signs follow in their 
order. We now fix the globe so that the north pole comes 66|* beyond 
north point. We place a lamp in the centre of a smooth table, preferably 
a round one, in such a way that the light falls straight on the extension of 
the plane of the ring (the ecliptic). The edge of the table is now divided 
into twelve equal parts, and inscribed with the names of the zodiac. The 
globe is placed on the table's-edge, on the spot inscribed Libra, so that 
the line connecting the lamp with the centre of the globe passes through 
the point in the ring marked Ariea This brings the globe in the right 
position with regard to the lamp representing the sun ; we must imagine 
the pole-star to lie in the extension of the axis. If we have been careful 
to arrange the zodiacal signs on the table's-edge according to their 
position in space, Aries in the eastern quarter, etc., the extension of the 
axis will point in the position indicated, not actually towards the pole- 
star, but in a northerly direction towards the meridian. 

BepreaerUaiian of the PosUian on March 21. — ^The position in the previous 
paragraph represented the vernal equinox. Our globe, the earth, stands 
in the sign Libra; the sun, as seen from the globe, in Aries. The sun's 
rays fall perpendicularly upon the equator ; the line of illumination passes 
through both poles. Turning the globe, we see that over the entire earth 
day and night are equal, because the line of illumination cuts all the 
parallel circles in two equal halves. 

Bepresentalion of the Position on April 21. — We now place the globe in 
position in the point Scorpio, taking care that the axis remains parallel to 
itself, and does not change its direction with regard to the room in which 
we are. As seen from the globe, the lamp representing the sun now stands 
in Taurus ; the position corresponds with April 21. The line joining the 
flame and the centre of the globe passes through the 12th parallel of north 
latitude. The line of illumination reaches 12 degrees beyond the north 
pole, divides only the equator into two equal parts, and the northern parallel 
circles in such a way that the greater part falls within the range of lights 
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and the southern parallel circles so that the smaller part falls within the 
range of light At a distance of 12 degrees from the north pole, i,e, 
from the 78th parallel of north latitude, all circles are day circles, and in 
the south all are night circles. Turning the globe, we see all the phenomena 
as they actually appear upon the earth. 

Representaiion of the Position for (he other Parts of the Year. — ^Again, with- 
out altering the direction of the axis, we place the globe in the point 
Sagittarius, and thus get the position for May 21. A further advance 
to Gapricomus brings us to the summer solstice, June 21, when the line 
of illiunination passes through the polar circle. This may be continued 
until the globe once more stands in the sign Libra, and the year is 
completed. 

Comparison wUh the Previous StaiemefU. — It is advisable carefully to 
compare this circular movement of the earth with the formerly accepted 
circular movement of the sun. In order to do this the lamp should again 
be placed in Aries, and the globe, without altering the direction of the 
axis, in the centre. This is the vernal position. Leaving the globe in the 
centre, the lamp is moved to Taurus; this is April 21; and so on 
through all the signs. 



CAETOGEAPHY 

Definition op Position 

The earth is a sphere, or rery nearly a sphere, but on dose inyestigation 
several deviations from the spherical form become apparent It is there- 
fore of the utmost importance to determine the position of places with 
such absolute accuracy as to be able to find them again immediately when 
required. There are several methods by which the earth's surface can 
be measured and divided, which we will shortly enumerate and 
compare. 

Firsts there is the ordinary geographical definition of place. The 
position of a place upon the earth's surface may be determined by simple 
geographical latitude and longitude. The latitude of a place is its 
distance from the equator, measured upon the meridian of the place in 
degrees, minutes, and seconds, either north or souths according as tiie place 
is situated either on the north or on the south side of the equator. The 
longitude of a place is the distance on the equator between any selected 
first meridian (generally that of Greenwich) and the meridian of the 
place, either to the east or to the west on the equator. Thus we get 
north and south latitude, and east and west longitude. 

Hipparchus (160-125 B.a) first applied this method of defining places 
by latitude and longitude on the terrestrial sphere, and made use of 
these terms, already familiar under the old system, whereby distances 
on the supposed disc of the earth (or the inhabited belt of the 
earth) were determined by longitudinal and latitudinal measurements, 
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reckoned from the equator. Thus the ancients said the earth was 
70,000 stadia long and 40,000 wid& 

Secondly, there is the angular definition of place on a plane and on 
a curved surface. The position of a place on a plane surface is most easily 
determined by measuring the distance of the point to be determined in 
relation to two straight lines intersecting each other at right angles. 

The perpendicular distance y between a point Q and the horizontal line 
of intersection is called the ordinate ; the distance between the point of 
contact of this line with the horizontal line of intersection, reckoned from 
point 0, or the point whore the two axes bisect one another, is the abscissa, 
X, These two lines together form the rectangular ca-crdituUes of the place. 
Then we get a positive and a negative side, reckoned from the point of 
bisecting of the two axes or lines of intersection. The two co-ordinate axes, 
x^^O^y^O, divide the plane into four quadrants. 

The equations of the co-ordinate are respectively ~ q /^. # V. 



(2) z- 

y + 



z- 
(3) z- 



(1) 
+x'-^ 

-y (4) 



+ x 

+y 



In (1) abscissa and ordinate are both positive; in (2) absdaaa 
negative, ordinate positive ; in (3) abscissa negative, ordinate negative ; 

in / A.\ «k\\afnaai» Tk/\aifi^rA /\w1ino^A TlAiFative 



(4) abscissa positive, ordinate negative. 



Thus we see that ordinates drawn upwards are positive, and when 
drawn downwards negative; abscissaa to the right are positive, to the 
left negative. 

Besides this method for defining the position of places on the plane 
surface, by rectangular co-ordinates, there is the system of polar co- 
ordinates. According to this system the position of a place is deter- 
mined when its distance is known from some fixed point, called the pole, 
and the angle formed by the line drawn from that pole to the point to be 
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detennined, and an initial line or axis. If be the pole (Fig. 35), OZthe 
polar axis, point Q is defined by the angle 0^ and the distance OQ^r. 
The registering and reading of (MH)rdinate8 can be simplified by drawing 
round the pole as centre concentric circles determined by the semi- 




PoUr co-ordinateB r, 9, OQ=^r, Angle QOX^B. 
Fio. 86. 



diameters of 1, 2, 3 . . . units of length ; and further, by drawing a 
number of radii passing through point 0, and including all possible 
angles with OZfrom V to 359". 

The co-ordinates of the plane figure are similar to the spherical co- 
ordinates of the spher& A polar co-ordinate system is used; only, 
instead of straight lines and circles, curved lines are employed, the 
perpendicular curves radiating rectangularly from the pole to meet the 
horizontal curved lines drawn round the pole at equal distances from 
each other. 

Thirdly, we have the astronomical definition of place. The above system 
is not suitable for practical purposes of terrestrial measurements; we 
therefore look round for an easier method by which absolutely to define 
the position of a place upon the surface of the eartL This we find in 
observing the revolution of the earth round its axis, the two poles and 
the visible bodies in the celestial sphere being our fixed points. With 
the help of these the earth's surface can be divided into a regular net- 
work of lines and corvea The network consists of two groups of circles, 
called parallels of latitude and meridians of longitude. Mathematical 
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geography defines paraUehi as lines of the same latitude, and meridians 
as lines of the same longitude. 

The plane of the parallel which passes through the centre of the earth 
(and which is therefore a great circle) has latitude 0^ and is the point 
from which we begin to reckon (equator). We imagine lines of latitude 
drawn on the earth's surface at one degree distant from each other, thus, 
0"*, l"*, 2% 3*, up to 89*, on either side of the equator. This constitutes 
the first group of lines of the network. Perpendicularly to these are 
the meridiana A meridian is a great circle passing through the poles of 
the earth, and is the line connecting two or more places where the 
culminating point of any given star above the horizon is the same. We 
take the meridian of Greenwieh as the first or zero meridian. We imagine 
the equator to be divided into 360 equal parts (degrees), so that each 
imaginary segment as seen from the earth appears at an angle of 1*. 
These segments may be fixed by any fictitious star. 

At the same moment in which places situated on the first meridian 
see a certain point on the celestial equator pass through the plane of 
their meridian, the places on the next meridian see the culmination of 
the next pointy those on the third see the third, etc. etc All places 
which see the culmination of the same celestial point at the same time 
are said to be on the same meridian. Astronomers reckon the meridians 
one way round from 0* to 360% the 360"" being identical with the 0*. For 
geographical and nautical purposes we count 180 meridians east and west 

These meridians complete the imaginary network drawn over the 
earth's surface. Given the parallel and the meridian of a place, its 
position is absolutely fixed, and by referring to the fixed bodies in the 
celestial sphere we can always find its position immediately. If the 
earth were a homogeneous sphere, meridians and parallels would form 
intersecting circles. The meridian planes would cut each other at the 
axis of the earth, always making angles of one degree with one another, 
and so also the semi-diameter of the earth, passing through the intersect- 
ing point of any meridian and any of the parallel circles, would always 
make an angle of one degree. 
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In order to define the exact ntoation of places on globes and maps, 
the operation here described is much the simplest In making the 
network, the distances between the lines should be enlarged or reduced, 
according to the scale upon which the representation is based. 

Oensral Remarks on Map-Making. Representation of Curved 
AND Plane Surfaces 

The art of perspective projection has been called into existence by 
the necessity of representing the surface of the earth, or portions of it^ 
on a reduced scale and in a handy form, yet at the same time making the 
representation as perfect a copy of the original as possible, from a 
geometrical point of view. Now, as the earth is a sphere, and the 
representation has to be made on a flat surface, the chief difficulty of 
map-making lies in the reproduction of curves and lines on the flat 
surface so that they are in exactly the same relative position as on the 
globe. Since any place on the earth's surface can, as we know, be 
accurately defined by its geographical latitude and longitude, and can by 
this network of lines at any time be referred to, the problem is virtually 
solved when once we know how to convey this network on to the flat 
surface so as to secure absolute fidelity to the original. When once we 
know how to draw a meridian and parallel on a flat surface, we know 
how to draw all lines and circles so as to be absolutely true to their 
originals on the globe. 

Since all representations of large portions of the earth's surface have 
to be made on a greatly reduced scale, it suffices for all ordinary 
cartographical purposes to regard the earth as a perfect sphere, and we 
draw our lineal network accordingly. We assume that geographical and 
geodetical latitude are identical, or in other words, we take as the 
geographical latitude of a place the angle formed by the radius of the 
earth at that place and the plane of the equator. 

The simplest and most natural method by which to represent the 
surface of the earth is the sphere, and to do this we proceed as follows : — 
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From the centre of the actual terrestrial sphere, we imagine another 
concentric sphere drawn on a much-reduced scale, its semi-diameter being 

r as against R (Fig. 36) ; and we further 
imagine that the visual rays are drawn 
through the corresponding points of the 
two spheres. The points where these 
rays intersect the surface of the smaller 
concentrical sphere are the projections 
of these points upon its surface. Thus 
a is the projection of A^ b oi B. On 
the small sphere, or our artificial globe, 
the different points stand in exactiy the 
same relation as on the actual terrestrial 
sphere, and their distances are in pro- 
portion to the natural distances, as the 
semi-diameter r is in proportion to the earth's semi-diameter R In 
f act^ as AB and db are concentric arcs, we get : 

dbiAB^aciAC^riS; 
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ab^^AB, 

or, in other words, oi is to AB in the proportion of •^. 
Projecting a third point Z>, we see again that 



therefore 



adr.^AD,ab^^DB; 



ah:ad:db: = AB:AD:DB. 



Since the corresponding spherical angles of the two spherical trianj^ 
ABD and abd are equal to one another, these triangles ABD and aibd 
must necessarily also be equal to one another ; hence the figure abd must 
be similar to the figure ABD. 
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Sgalb-Drawino 

Every map is a much-reduced representation of the earth's surface, or 
of a portion of it The measure of reduction is arbitrary, but should 
always be determined before the projection is commenced, and every 
map should have the scale of reduction marked upon it It should, 
moreover, be remembered that the measure of reduction always refers to 
the linear element, never to the area of the map. Thus we see that the 
globe gives an exact representation of the original sphere in the reduced 
linear proportion of r : i2. 

Artificial globes are very useful for elementary geographical instruc- 
tion, but they are insufficient for the more advanced study of mathematical 
geography. We therefore resort to other methods of representation, and 
find these in perspective projections on the flat surface. 



General Principles op Perspective 

By the laws of perspective we represent an object on a flat surface 
as it appears to us from some given distance. This flat surface, upon 
which the representation is to be made, is called the plane of projection. 
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We draw from some point of vision (Fig. 37) three straight lines to the 
extreme points of a triangle ABC^ situated outside the plane of projec- 
tion, and extending these lines until they touch the plane of projection 



74 ASTRONOMICAL GEOGRAPHY 

MN^ the lines of contact between these extreme points of contact with 
the plane form a second triangle, abc^ which is the perspective projection 
of the triangle ABC^ situated outside the plane of projection. The 
straight lines (h^ Ob, Oc, drawn from point to the extreme points, are 
called the rays oftfision or olprqjedian. 

In a representation upon the flat surface it should be remembered 
that a plane and a sphere can only coincide in one point, viz. when the 
plane is a tangent plane, at the point of contact The further we are 
from this point of contact, the greater becomes the distance between 
sphere and plane, and the greater will be the difference between 
the representation on the flat surface from its original on the sphere. 
This fact, that the flat representation is subject to so many distortions 
and alterations with regard to its original, has led to the idea of drawing 
the representation on surfaces capable of being deyeloped or rolled out on 
to a flat surface, and which have not only one point, but a curved line also 
in common with the sphere. The simplest objects upon which to perform 
this operation are the cone and the cylinder. Both cone and cylinder 
can touch a sphere in one circle or intersect it in two circles. Cutting 
the cone or cylinder along a generating line, it is capable of being 
developed on the flat surface. In this operation every segment of 
the once existing circle of contact or intersection preserves its original 
dimensions; the curve only is altered. The small portion of surface, 
therefore, bounded by this line will be developed on the flat paper in its 
proper dimensions. This portion or area will enjoy the same privileges 
which in projection on the plane of contact can only be enjoyed by the 
immediate surroundings of the point of contact As the distance in- 
creases from the circle of contact or intersection, the difference between 
the spherical and cylindrical or conical surface also grows, and the 
representation made on these bodies is subject to alterations and dia^ 
tortious the same as on the flat surface. 

The respective merits of the cone and the cylinder for purposes of 
projection will be represented when their several developments are being 
treated of. 
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AnOUNT CABTOaBAPHY AND LAWS OF PBOJKCnON 

1. Earliest Attempts ai Map-Making 

From the earliest times the want has been felt of representing portions 
of the earth upon the plane surface, but of these early efforts we have 
but very vague information. The Oreeks were the first to attempt a 
representation of the whole world (as then known). The earliest on 
record date from the sixth and fifth eras before Christy and were executed 
on brass tablets. The value of these productions, however, should not 
be overrated : they were ingenious, and called forth the admiration of 
contemporary writers, but from our point of view they were at best 
bare linear reproductions (often faulty) of different countries, but not 
maps in our sense of the word, with accurate representations of different 
portions of the earth's surface in relative proportion and position. 
As far as our knowledge goes of these mythical productions, they 
were always circular, but lacked any mathematical basis or method of 
projection. 

At a later stage, from 820 to 80 ac, graphic delineations were made 
of well-known countries, and although more correctly and systematically 
planned, they lacked all claim to scientific merit 

The ingenuous andAu&athematical method of these later attempts we 
find clearly illustrated in Strabo's Geography (A.D. 15-24). The theory 
of the spherical form of the earth had by that time been accepted by the 
scientific world, and Strabo was well aware that it was not so simple 
a matter to represent a sphere on a plane surface, but he found, as he 
thought, an easy way out of the difficulty. ^^It does not greatly matter," 
he said, "whether meridians and parallel circles are represented by 
straight lines intersecting one another at right angles, for the sizes and 
shapes as given on the plane surface give us a very fairly correct idea 
of what their true proportions must be on the actual sphere. It would, 
moreover, be superfluous labour to attempt to depict on the plane 
surface the converging of meridians towards the pole; our imagination 
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most supplement what the representation lacks in corFectness." With 
this principle as basis for his operations, Strabo imagined all countries 
stretched out on the flat surface, and in order to define the relative 
position of places, he employed the method of rectangular coordinates. 

To represent the two co-ordinate axes he drew two straight lines 
cutting each other at right angles, one of which represented the 
parallel of Rhodes, and in the sense of geographical latitude this line 
divided the then known world into two equal halves. Perpendicular 
to this line he laid the meridian of Rhodes, which, according to the 
ancients, also passed through Syene, Alexandria, and Byzantium; in 
this manner he constructed the co-ordinate system. All other points 
of the earth he introduced into his plan according to their distance 
from these principal axes. Strabo knew quite well that this operation 
could not enable one to define a place very accurately. He there- 
fore explained in writing that these distances should be marked 
over a large number of meridians and parallels; but in order to do 
this it was essential to have an accurate knowledge of the relation 
between latitude and longitude. And this was the chief difficulty in 
early cartography. True, as early as Hipparchus the theory of the 
methods of astronomical observations and calculations had been brought 
to a certain degree of perfection; but they could not be practically 
carried out^ partly because the astronomical instruments were inadequate, 
and partly because verification by observations was virtually impossible. 
We know of but three or four instances in antiquity in which determinar 
tions of the latitude of a place were made by means of the gnomon, and 
only one instance of a determination of longitude difference — that of 
Carthage-Arbela. 

Failing astronomical methods of definition, they contented themselves 
with calculating distances, but these are not much use unless the direction 
is fixed. For the estimation of distances they relied entirely upon the 
estimates of travellers by land and sea, and the uncertainty of this source 
of information is proved by the geometrical measurements attempted by 
Eratosthenes and by Posidonius, which showed a difference of 10,000 
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stadia. They lacked the instrument by which the direction of the 
north could be correctly fixed, the magnetic needle. 



2. Prqjedions developed en the Plane 

Cylindrical PrcjecUons. — Alexandria^ the world-famed town of anti- 
quity, was under the Ptolemies the centre of the exact sciences. The 
museum, answering to our present-day academies, formed the nucleus 
of scientific pursuits, and was sup- 
ported by grants from the royal 
treasury. Many eminent scholars in 
mathematics and astronomy emanated 
from there. Amongst the best 
known are Eratosthenes, and a few 
centuries later the astronomer and 
geographer Claudius Ptolemy (about 
A.D. 120), whose Geography we shall 
often have occasion to refer ta In 
the twenty -fourth chapter of the 
first book of this work he treats 
of the construction of maps, and the 
representations on the flat surface 
occupy the first place. They are 
based upon the method of cylindrical 
developments. 

The sphere not being a develop- 
able surface, a method was conceived 
by the ancients to convey the delineations of the circular surface on 
to the surface of some other body, as nearly as possible in character 
to the sphere, from which it might be developed on to a plane surface. 
This body was found in the cylinder. 

Let APAi (Fig. 38) be the terrestrial hemisphere, AAi the equator, F 
the one pole, tiie centre of the earth, and AAyDD^ a cylinder plane 
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touching the hemisphere at the equator. We imagine, from the centre 
as point of observation, visual rays extending to different points on the 
surface of the earth, and lengthened to meet the cylinder plane. The 
points of intersection thus produced are the cylindrical projectieiit of the 
corresponding points upon the earth's surface. Thus B is the cylindrical 
projection of (, C oic^ etc. All rays of vision drawn towarda points on 
one and the same meridian, as 06, Oe, are situated on the plane of thia 
meridian, which is perpendicular to the plane of the equator. But the 
plane of the equator is at the same time the ground-plane of the qrlinder ; 
the meridian plane is therefore perpendicular to the base of the cylinder, 
and cuts through the cylinder axis, which coincides with the axis of the 
earth. The meridian plane cuts the surface of the cylinder at two right 
angles, and therefore the rays of vision drawn towards points on the 
same meridian will produce projections situated in a straight line. Thiu 
AD becomes the projection of AP^ ^^lA ^® projection of the opposite 
meridian A^P. The projections M and N of points m and % situated on 
the meridian P£, will be on the straight line EF^ representing the 
projection of the meridian EP. 

Developing the cylinder plane AA^DDit the equator AA-^ will appear 
as a straight line, while straight lines perpendicular on the equator 
represent the projections of the meridians. Drawing radii towards 
different points of one and the same parallel, as, for instance^ Oe^ (k^ 
Ocy, the points of intersection will all be equidistant from the equator. 
For 

Arc ^cs=aro £in=arc A^e^^ 
therefore ^^OG^ ^EON^ ^^fiCy 

Now the rectangular triangles AOC^ EON, and AiOCi have besides the 
angles AOG, EON, and A^OGj^ also the lines AO, EO, AO in common, 
these being the semi-diameters of the same sphere, and therefore the 
triangles are congruent ; hence AC*' EN^ ^\^v ^^^ ^Mni» applies to the 
projections of all other points on the same parallel circle. When unrolling 
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the cylinder plane, the parallels will appear as straight lines parallel to the 
equator. 

The two sets of lines, therefore, representing meridians and parallels 
are the groundwork of all map-making. In the plane cylinder develop- 
ment, as we have seen, the net consists of a system of straight lines 
perpendicular upon each other. Strabo and some of his predecessors 
projected their maps upon tins system ; the defects, however, did not 
remain unnoticed, and several efforts were made to remedy them, although 
the misrepresentations were nbt considered of vital importance. It 
always will seem somewhat incongruous that lines which on the globe are 
circles should appear as straight lines on the flat surface. Again, the 
parallel circles on the globe become smaller as they near the pole, but in 
geometrical cylinder projection they are all equal to one another and 
equal to the equator. Meridians converge towards the pole on the globe, 
but in our projection they are all parallel to each other. This causes a 
distortion in the representation of countries, which becomes the more 
apparent the greater the geographical latitude of the area delineated. 
Since the equator preserves its natural dimensions when unrolled on 
the flat surface, the degrees of longitude remain equidistant^ and the 
equatorial line is therefore divided into 360 equal parts. The degrees of 
latitude, on the other hand, increase in proportion to the tangent of 
geographical latitude. Hence^ AB^R tan AOB, AC^R tan AOC, etc. 
(Fig. 38). Since tan 90" - oo (infinity), the pole cannot be represented 
in this method of projection, which is at once apparent in the figure, as 
the ray of vision OP becomes a straight line parallel to the planes of the 
cylinder. The construction of a scale of latitude of from 5" to 5* would 
thus involve the multiplication of the semi-diameter of the globe by tan 
5", 10*, 15*, . . . and the result obtained would have to be added to the 
meridians, beginning at the equator. 

To counteract these several defects and misrepresentations, another 
principle for making the imaginary network of maps was called into 
existence, which is termed the equidistant cylinder projection. Instead of 
^ Once and for all, th« ndiai of a iphan ii dedsnated by R, 
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enlarging the degrees of latitude, they were all made equal to one another, 
and equal to the equatorial degrees. Thus, drawing the meridians and 
parallels all equidistant, say, from 5"" to 5^ the net will consist of equal 
squares, and maps thus projected are called qaadrilaterdl maps or plana 

Marinus of Tyrus, a geographer only known to us from the Oeogrcg^ 
of Ptolemy, first adopted the method of cylinder projection by equal 
distances. He lived in the first century of our era, and may be con- 
sidered the real founder of mathematical cartography. Fully awaie of 
the enormous defects of the quadrilateral system of projection on the 
normal plane, he tried to obviate the difficulty by altering the plane of 
projection. For it is evident, since all parallels are made to appear 
equal in length, the longitudinal distortion of the parallels in higher 
latitudes, and their respective countries, must be enormous. HaiinuSy 
therefore, in his improved system, made the cylinder plane, not a tangent 
to the equator, but he let it cut the equator at the parallel of 36^ 
N. latitude, so that the base of the cylinder plane corresponded to this 
parallel circle. Developing the cylinder plane upon this principle, we 
find that now the parallel circle of 36^ N. latitude is reproduced in its 
natural dimensions. Marinus chose this parallel of 36^ because, as 
mentioned before, it was the parallel of the island of Rhodes, and divided 
the then known world into two equal halves. 

In our days, the cylinder plane is made to intersect the mean parallel 
circle of the country under projection, viz. the parallel equidistant from 
the two nearest parallels of the area under projection. In this operatioii 
the parallels in the higher latitudes appear somewhat larger, in the 
lower latitudes somewhat smaller, than in reali^; the mean parallel 
alone appears in its natural proportions. Maps thus projected are called 
qwjdrilaierdl in the stricter sense. 

The net is made in this way. We draw two straight lines perpendi- 
cular to each other, intersecting at the centre ; AB^ CD (Fig. 39), being 
the lines, their centre passes through the centre of the countiy 
under projection. AB represents the mean latitude parallel, CD the 
mean meridian of the country. Starting from the centre, point 0, 
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we mark on CD^ upwards and downwards, equal distances, representing 
the degrees of latitude. R being the seminliameter of the artificial globe 
upon which the projection is based, we 
find the length of one degree of latitude 
2irR 



to be g = 



360 



We further mark the 



ft 

I !■ .1 I J 



of longitude on the line AB^ 
accepting that the length of arc of a 
degree of the parallel of latitude ^ is = 
2 cos ^. On the globe, however, we find 
that the arcs of equatorial and meridian 
degrees are co-equal, viz. e = g, because 
both equator and meridians are great circles. 
Therefore, if ^ be the geographical latitude 
of the mean parallel circle AB^ the divisions to be marked on AB 
are e = ^ cos ^ Through the points thus indicated parallel lines are 
drawn to AB and to (72), thus making a net of squares. 

Assuming a degree of the meridian to be expressed by 1 cm. (unit of 
length), the linear expansion of the longitudinal degrees for the corre- 
sponding latitudes is as follows (r = 1 cos ^ cm.) : — 
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<^=10^ r = 0-985 cm. 
<^ = 20^ r = 0-940 „ 
</>=30^ r = 0-866 „ 
<^ = 40^ r = 0-766 „ 



<^ = 60°, r = 0-643 cm. 
</> = 60°, r = 0-600 „ 
<^ = 70°, r = 0-342 „ 
</> = 80°, r = 0-174 „ 



This subsidiary net, corresponding in every respect with the astro- 
nomico-geographical net of meridians and parallel circles, can be imagined 
in any possible position with regard to the normal or geometrical net- 
work. The two points at which the diameter of the supplementary net 
cut the plane of the earth are called the principal pairUs^ corresponding 
to the poles in the normal condition. The circles corresponding to the 
meridians are called principal drcUs, and the circles corresponding to 
the parallels are called harisKmial drdes. 

VOL. II o 
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Ptolemy evidently built his geographical work upon the theories of 
his predecessors. His Geography, consisting of eight book% in which 
he developed his theories of mathematical geography and of caitographyy 
was provided with many illustrative drawings, but whether it ever 
included maps is doubtful At any rate, only the drawings have come 
down to us, reconstructed (partly defectively) upon Ptolemy's system by a 
certain Agathodemon in the fifth century of our era. 

In the eighth book of his Geography Ptolemy gave directions how 
to project the plane of the earth's surface in twentyndx maps. He 
founded his demonstration upon the projection system of Harinus, which 
he evidently considered quite exact enough for the purpose, but he 
allowed that for the representation of large areas this quadrilateral system 
could not be used. For when the right proportion is preserved for the 
central parallel of the map, this right proportion cannot eadst for the 
extreme parallels under projection ; hence, the greater the latitude of the 
area to be represented, the greater must be the distortion towards the 
edges. For instance, if a map represents an area of from 20^ to 60* 
latitude, the mean (or central) parallel will be of 40**, and all degrees of 
the parallel stand in relation to the degrees of meridian throughout^ in 
proportion of 0*766 : 1. But the true proportion for 20" (lower limit 
north latitude) would be 0940 : 1, and for 60** (upper limit), O'MO : 1. 
To diminish these defects as far as possible, Ptolemy proposed that for 
the projecting of large areas conical projection should be applied. 

3. Conical Projection 

A cone is also a suitable body from which to develop the delineations 
of a sphere upon the plane surface. We strike a conical plane, tangential 
to the portion of the globe to be represented, and project the different 
points of the globe's surface upon the tangents. We then develop the 
cone upon the flat surface. The position of the conical plane should be 
so that it intersects the earth in the mean parallel AGS (Fig. 40) of the 
area under projection. The vertex (zenith) (7 of the conical plane lies in 
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the extensioD of the earth's axis PF. The extended meridian planes 
intersect the axis of the earth, and cut the conical surface into planes 
at the points marking the extension of their meridians. Thus the 
extension of the meridian plane PMONP cuts the conical surface at 
points Gniy On, If we draw rays of vision from the centre of the globe 
towards an infinite number of points on a given parallel circle DF^ the 
system of rays produces a second 
conical surface, and the two intersect 
each other on a line a/, because the 
vertices of both conical surfaces lie 
in the respective extension of their 
common axis. 

Developing the cone, we find that 
the projections of the meridians 
appear as converging straight lines, 
and the projections of the parallel 
circles as concentric arcs, with a 
common centre in the vertex of the 
cone. The parallel circle which 
formed the circle of contact between 
the conical and the globular plane is 
represented in its natural dimensions. 
This projection is called a true conical 
prqjecHan, One of its best -known 
variants is the equidistant conical pro- 
jecHon^ in which the linear system is preserved, the degrees of latitude 
are equalised, and the central parallel circle is represented in its true 
dimensions. To do this we first determine the side CA of the conical 
surface. Let ^ (Fig. 40) be the latitude of the mean parallel circle 
ABf B the semi-diameter of the globe (AO); then is ^EOA^(f>*' 
^ACO. Therefore, AGO being a right-angled triangle, AC ^ R 
cot ^ In Fig. 41 we strike a mean meridian (7X, and from C as 
centre, and the semi-diameter Ca^'B cot ^ we describe the arc dd, which 
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represents the projection of the mean parallel The length of the degrees 

of meridian is 1 «-rr:^- We transfer these on to the line GXon either 
360 

side of a, upwards and downwarda Through the points of intersection 

we describe concentric arcs, always with C as centre. To construct the 

meridians for this projection it is best to measure the central angle a^ 










Fio. 41. 

which corresponds in size with the degree ab of the mean parallel cirda 
The length of arc T of a parallel degree in latitude ^ is 

1 =1 cos <^ = -Qg^ =cos <^=aO. 

Since ab : 2ac. 7r»a : 360, and ai = cos <^ ac^R cot ^ 

it follows that : 

1 cos <^ : 25 cot <^=a : 360, U a= ^^*' ^f^ 

2iri( cot 9 

, , 2frR 2vR COS <f» . 360 cos <^ „. . 

360 360 2arjBcot^ cot ^ 
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If the latitude of the mean parallel be 60^ then on SO""- 0,766, 
therefore a « 0*766°. Repeatedly marking this angle on the line ea^ towards 
the top and towards the bottom, the meridians can be drawn without 
any difficulty on the map under projection. 

Equidistant conical projection is to be recommended for countries 
covering not too eztensiye an area from north to south, because the 
projection is simple, and the distortion moderate. 

Ptolemy adopted this operation for the projection of the earth from 
the equator to the northern boundary line of the then known world, and as 
his mean parallel he again chose the parallel of Rhodes. To minimise the 
distortions at the upper and lower edges, he introduced certain modifica- 
tions. He drew the mean meridian as a straight line, and divided it in 
equal portions to represent the degrees of latitude. The expounders of 
his Geography do not quite agree as to the method employed by him 
for defining the centre of the parallel on the mean meridian, but according 
to Delambre this centre was ISl"* 50' distant from the equator. Starting 
from this centre, he described concentric curves through the degrees of 
latitude, and thus obtained the parallels. But instead of dividing one 
parallel circle in its proportions as on the globe, he divided four parallels 
in this manner : the paraUels of Thule and of Meroe (on the Nile), as 
being the extreme parallels of the then known world, and the parallels 
of Syene (now Assouan) and of Rhodes. He equalised the equatorial 
and meridian degrees as on the globe, and through every five equivalent 
points of intersection he described lines of contact^ curves, not arcs, and 
this operation gave him his meridians. 



pERSPEcnvB Projections 

Oeneral Remarks 

There are three azimuthal or perspective projections, the orthographic, 
the stereographic, and the gnomonic projectioa From these three an end- 
less variety of methods of projection can be deduced, which it will be 
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unnecessary to dwell upon. The three projections named will be con- 
sidered more in detail, not because of their practical value, which is well- 
nigh nil, but because of their theoretical value, in so far as the laws upon 
which they are based help us to understand many doubtful projections, 
and because some of the properties of projections can be explained fai 
n^ore easily by the laws of perspective than on purely analytical 
grounda 

In projecting a figure from the spherical on to a plane surface, om 
would naturally proceed in the same manner as when sketching somi 



r— 
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extensive view, say a landscape, by applying the ordinary rules o 
perspective. We imagine the rays of vision, drawn from the eye t 
different points on the original, as intersecting the plane of representatio] 
in some given pointy and we call the position of this point where eaci 
respective ray cuts the plane of representation its point of projectioi 
The plane of representation is perpendicular to the ray of vision whic 
passes through the centre of the area under projection. To represent 
portion MN oi the earth's surface in perspective projection, we assum 
the eye to be in 0, somewhere on the prolongation of the semi-Kiiamete 
CP (Fig. 42), which we imagine drawn through the centre of the sectio 
under projection. From we draw rays to the different points of repn 
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sentation If, 1, 2, 3, . . . N, and we cut this system of rays by a plane 
ZE, vertical to CO. The points of intersection M\ 1', 2', 3', ... J^ are 
the points of projection for If, 1, 2, 3, . . . N. 

A different kind of projection can only be obtained by altering the 
position of the eye (point 0) with regard to the surface of the sphere. 
Distance of point from point P does not alter the character of the 
projection, but only its scale. The line PO may be extended indefinitely 
without affecting the representation, except in matter of size. The farther 
is from P, the larger will be the scale of projection, but the projection 
itself remains the same, because the sections 
dbodj reL a'V<fcF (Fig. 43), projected on the 
two parallel planes E and E* resp. from 
rays at any distance will always retain the 
same relative proportions, their triangles 
in point being one and the same. Thus 
we get a:a'— 6:6'— c:^^. . .-fl::aj'; z 
and of representing the distances of the 
planes E and E from point 0. Hence 
aibicid^a'ib'icficF; and this proportion applies to all distances within 
the range of the two planes. 

On the globe the lineation consists exclusively of circles ; there are 
therefore certain laws to be observed for the perspective projection of 
these lines upon the flat surface; these laws apply to all perspective 
projections of the sphere upon the flat surface. 

1. All circles on the surface of the sphere, the planes of which 

pass through the eye, are represented on the map as straight 
lines. 

2. In every perspective projection there must be one meridian pro- 

jected as a straight line, for a plane can always be drawn 
through the eye and the earth's axis; and this plane must 
touch the earth's surface in some meridian, since any plane 
passing through the earth's axis must be of necessity a meridian 
plane. 
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The range of the rays of virion utilised in projecting an object is 
called the cone of projection. The point of vision 
is the vertex of the cone ; the line of intersection 
which cuts the plane of representation is the pro- 
jection, the reproduction of the object Thus 
a polygon is generally projected as a polygon ; 
a curve, as a curve. If the polygon be rectilineal, 
the cone of projection is a pyramid. To project a 
circle KR^ the cone of projection is an ordinary 
(or right) cone. The projection K'R can only be 
a circle when the plane of projection ZE is parallel 
to the plane of the cuxsle KB (Fig. 44). 

Generally speaking, a circle is projected either 

as an ellipse^ a hyperbola, or a parabola. The most usual projection of 

the circle is the ellipse. 




1. Orthographic or Parattd Prqjedions 

In orthographic projection the eye is imagined at an infinite distance, 
and the plane of projection is assumed to be perpendiciilar to the 
parallel rays of projection. According as these rays are parallel to the 
axis of the earth, or parallel to the plane of the equator, or parallel to any 
given semi-diameter of the earth, these projections are distinguished as 
orthographic pola/r, crthographU equatorial, and orthographic horizontal^ prajec- 
turns. If we project the globe on two ground-planes, perpendicular to 
each other, the one of which (the horizontal plane) is perpendicular to the 
axis of the earth, then the horizontal projection represents the ortho- 
graphic polar projection (Fig. 45a), and the vertical projection (Fig. 455) 
represents the orthographic equatorial projection. In the former the 
centre of the hemisphere under projection lies in one of the poles p 
(Fig. 45a); the parallel circles are projected as circles in their true 
dimensions, and the meridians as straight Unes (semi-diameters). In the 
latter (Fig. 455) the centre of the hemisphere under projection is on 
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the equator, for instance, in 0" longitude. The parallels now become 
straight lines, perpendicular to the axis of the earth, and the meridians 
appear as ellipses, the earth's axis being their common major axis. The 




.Fig. 45 o, S^ «. 

central meridian which passes through the point of vision is projected as 
a straight line coinciding with the projection of the earth's axis. The 
construction of these ellipses is a very simple operation ; aU we have to 
do is to determine the horizontal projections of the meridian points to 
correspond with their vertical projections. If the centre of the hemi- 
q^here under projection be an arbitrary one, say in A (or its correspondent 
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point a\ Fig. 456), under 45*" N. lat and 90* W. long., we must imagine the 
plane of projection to be perpendicular to the earth's semi-diameter drawn 
to this point. This gives us the crthografphk honzonUd projection. This 
projection can easily be deduced from the orthographic equatorial projec- 
tion, by assuming that the latter (Fig. 456) is the perpendicular projection 
of that position of the sphere in which the axis of the earth is parallel to 
the vertical plane^ and forms with the new ground-plane an angle equal 
to the geographical latitude of A. Such purallel circles are projected as 
ellipses, and are easily constructed with the assistance of one of the circles 
parallel to the new horizontal plane, for instance, of circle ^/, or the circle 
round o^ with radius ag. Thus we get for V the new horizontal projection 
h respectively 6*. The meridians also become ellipses, with the exception 
of the central meridian passing through A^ which is projected as a straight 
line through a> parallel to the new ground-plane m^ n. 

Fig. 45 0) 6, c, represents these three orthographic projections. The 
regions situated in the immediate neighbourhood of the centre of projec- 
tion are correctly represented in orthographic projection, but since the 
latitude decreases steadily towards the edge of the map, the representation 
necessarily becomes contracted and less exact the nearer the point in 
question is situated to the edge of the map. This projection (Fig. 45c) is 
therefore seldom used. Hipparchus (160-125 B.C.) seems to have been the 
originator of the orthographic method. It commends itself for the pro- 
jecticm of such heavenly bodies (the moon, for instance) as represent 
themselves to our view of necessity in orthographic projection. 

2. Stereografhie PrcjecHons 

In stereographic projection the eye is situated at a point somewhere 
on the globe's surface, and the plane of projection generally passes through 
the centre of the earth. Hipparchus again invented this method of pro- 
jection, and Ptolemy gave it the name oi planisphere. 

According to whether the eye be situated at the pole, on the equator, 
or at any other pointy the projection is called stereographic pciar^ stereo- 
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graphic efuaiorial^ or siereographie harizarUal The plane of projection passcB 
through the centre of the earth, and is always perpendicular to the central 
ray of yirion — ^namely, the radius which is <fa»wn to the centre of the 
earth. In stereographic polar projection, therefore, the plane of projec- 
tion is situated in the plane of the equator ; in stereographic equatorial 
projection in the plane of the meridian situated at a distance of 90*" from 
the meridian of the point of vision ; in stereographic horizontal projection 
the plane of projection coincides with the plane of the sensible horizon of 




the point of visioa The plane of projection can also be moved parallel 
to these podtions, and brought into contact with the earth's surface at 
soma other point 

Stereographic projection necessarily represents that portion of the 
globe, the centre of which is the point diametrically opposite to the point 
of vision. 

The ancients knew only stereographic polar projection; the Arabs 
introduced horixontal projection. 

Let ABCD (Fig. 46) be the globe, A the eye, and MN the plane of 
projection. We find that / is the stereographic projection of point F, 
became a ray haa been drawn from A to point F on the surface of 
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the globe, and this ray cuts the plane of projection at/ In the same 
way ; is the stereographic projection of Q. Now, if ^ be at the same 
time one of the poles of the earth, the projection is stereographic polar. 
In this projection all meridians appear as straight lines, radiating from 
point of the projection. For if we draw the visual rays AE\ AE^, AE^, 
AE^, . . . to points J5*,^, J?*, ^, . . . of the meridian (7J5*^J?* . . . A, 
the radiation tiius obtained forms a plane, coinciding with the meridian 
plane COA. This plane can only cut the plane of projection in a straight 
line 00. The projection of the pole of the earth is in 0, and as all 
meridians must pass through C, their projections must pass through 0. 
Thus 00 is the sterec^raphic projection of the meridian COA^ OB of the 
meridian GBA, etc The meridian planes CBA and COA enclose the 
spherical angle BCO^ which is determined by the equatorial arc BG. But 
BO also represents the size of the central angle BOO^ i.e, of the angle 
limited by the projections of the relatiye meridians. We see then that 
the rectilinear projections produce angles equal to their degrees of longi- 
tude. The equator lies in .the plane of projection, and therefore appears 
in its true dimensions. The parallels appear as circles concentric with 
the equator, for the visual rays drawn from A to the parallel PQ 
represent a vertical circular cone intersected by the plane of projec- 
tion, which is parallel to the base plane, along a circular line j^ ; and since 
the radius AC cuts through the centre of all parallel circles, the projec- 
tions of aU the centres of paraUel circles fall in 0. To determine the 
semi-diameter r of the projection of a parallel in latitude <f>, we have 
toconsider that, since ^ COP^W -^^ (?^P=i (90'* - ^). But A AOp 

shows that if -^0=jR,r-j?0=jB tan (45'-|V 

We now proceed to design a net in stereographic polar projection. 

Let ABCD (Fig. 47) be the circle representing the equator, its semi- 
diameter being of arbitrary length, to suit the size of our paper. We 
divide the circumference in lengths of from lO*" to 10*", and through these 
points we draw semi-diameters, which represent the meridians. We 
then proceed to connect the point B of the equator with points o^ (, c, (I, 
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etc, corresponding to longitudes 10^ 20"*, 30^ 40**, eta Where the 
lines of contact cut the meridian AC^ we get the divisions corresponding 
to latitudes 10% 20% 30", 40**, etc. Drawing concentric circles through 
the points thus fixed, we obtain the parallels corresponding to lati- 
tudes lO*", 20"*, 30% 40"*, eta For instance, we see that Om is the semi- 
diameter of the parallel circle of latitude ^ = 10% by comparing the 



f*iJ^ 




triangle OBm. For since ^DOa » 90" - ^, ^DBa - 45" - ^^ and 

Ofii-OjB. tan US'*-!) or Om= JS. tan (^S"-?) as above, therefore 

Om'^r. 

Fig. 47 shows that if C be the north pole, the entire northern 
hemisphere falls inside the equator, and the entire southern hemisphere 
outside of it. The projection / of the point F is already at a great distance 
from the centre of the map, and this distance becomes infinitely great for 
points situated in the immediate vicinity of A. It is therefore impossible 



9* 



ASTRONOMICAL GEOGRAPHY 



to represent the entire surface of the earth on one sheet of paper 
stereographic projection, and the distance of the parallels of the furd 
hemisphere from the centre of the sheet of paper is greater in p 
portion to their geographical latitude. 

Stereographic projection has two important properties : — 

1. The stereographic projections of all spherical circles not passi 
through the eye are again circles. 

2. All angles on the spherical sur&ice are equal to the angles in t 
projection, that is to say, the projection is equi-angular. 




To prove the first theorem, we will take Fig. 48. Let TPQRS be 
s^erical circle ; MNis the plane of projection, A the point of vision, 
its opposite pointy p the stereographic projection of P. We draw a li 
joining CP, and another joining Op; we then find that ^CPA ^ C0p^9 
i.0. ACPA AmUar to ApOA } consequently ApiAO^ACiAP, that 
to say, Ap.AP^AO.AC. 

We can prove in the same way that 

Aq.AQ^AO.AC, Ar.AB^^AO.AG, As.AS^AO.AC; 
hence 

Aq,AP=Aq.AQ=^Ar.AB:^A8.AS'' . . . .^AO.AC.Uh o 
stant quantity. 
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The spherical circle and its projection lie on one and the same 
spherical surface ; bat the projection lies also on the plane of projection 
MN'y therefore the projection lies on a sphere, and at the same time on a 
plane, and consequently must always be a circle. 

To prove the theorem of equality of angles, we take Fig. 49. Let 
xy and liz be circles, and A their point of intersection. We draw tangents 
AF and AO. The angle FAQ is equal to the spherical angle of ay 
and U0; and FO is the line of intersection between the plane supposed 
to pass through FAO and the plane of projection. The projection of 
point ^ is 0. Assuming a to be connected by a line to F and to (?, 
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oF and aO are the projections of AF and AO^ and therefore equal 
to the tangents of the circles of projection ; hence FaO is the projection 
of FAO. 

To prove that ^FaO" ^AO we draw a great circle through A^ 0, 
and Q, and draw through A the tangent AB^ which cuts FO in B. Since the 
planes AFO and ST are both perpendicular to the plane ODAQ^ their 
line of intersection FO must necessarily also be perpendicular to the 
plane ODAQ, that is, J^0 is perpendicular to BA^ and FG is perpendicular 
to Ba; hence the triangles ABF, aBF, ABO, and oBO are all rightrangled 
at B. Marking ^AGM as 17, we find that ^^ilfD-217 ^^^ ^AMO 
» 90*+ 217. Now ^ oAB (as angle between tangent AB and chord Aa) 
» i^^ifO- 45'+y. But since 
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^LAaB = CAa + Z^Ca = 45^ + 1^ 
that is to say ^jiAB = ^LAaB, and also aB = AB^ 

hence AaBG=AABG 

and AaBF= AABF; 

therefore ^GaB^^^GAB, 

^J'aB=^FAB, 
and ^GaB + Z.Fa5 = ^GAB + Z./'^^, 

or ^FoG^jLFAG. 

Stereographic equatorial projection of the earth's surface rests on th 
same principles. It is easy to see that in this projection (Fig. 50), sine 
the eye is at the point A on the equator, all circles (with the exception c 
the equator AFQLG and the central meridian BQG, whose planes cv 
through the point of vision A) become circular arcs, and the question ii 
how do we determine their centres and diameters? We begin b 
delineating the extreme meridian BGCF^ situated in the plane c 
projection MN, We draw in this meridian a straight line B^ cut at rigl 
angles by another straight line FG (the diameters) ; BC represents tl 
projection of the mean meridian BQC^ and FG represents the projectio 
of the equator ; the points B and C represent the poles. Supposing ifi 
want to represent a system of parallel circles, for instance, at distanci 
of 15" apart^ these divisions will cut the extreme meridian BJGCF. 
on the globe in twenty-four equal parts, thus fixing two points f( 
every parallel we want to reproduce. A third point on any of thei 
parallels is fixed by determining the projection d of point D on tl 
parallel circle situated on the mean meridian ; this is done by drawing tl 
ray AD. Since all parallels cut the mean meridian at right angle 
their projections must also be cut at right angles by BG^ Le. the pr 
jections of all centres of parallel circles lie on the polar axis BC or its pr 
longation. Now since the extreme meridian must also be a perpendiculs 
the radius OJ (Fig. 51) is tangent to the parallel arc HJ, ie. i 
respective central point is point P, the point where the perpendicul 
OJ from / intersects the perpendicular BO. All projections of tl 
difierent meridians must clearly pass through the points B and 0. 
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further point is obtained by determining the projection / of the meridian 
point L situated on the equator (Fig. 50). Since all meridians cut the 
equator at right angles, it is evident that in the projection all 
meridians cut the diameter FO at right angles, or in other words, the 
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several centres of the circles must all lie on the straight line FO or its 
extension, i.e. on the axis of the equator. For instance, to find the 
centre of the meridian arc which makes a spherical angle of 15* with 
the extreme meridian, we have only to remember that the projection of 
this meridian must likewise make an angle of 15* with the projection 
of the extreme meridian BFGO^ and the semi-diameter must also describe 
VOL. n H 
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an angle of 15*" at the point of intersection S. It therefore suffices 1 
produce ZLOBQ'^ 16* ; the arc QB drawn from Q gives the projection < 
its respective meridian. Since ^COB'«30\ Z.GBB^\b\ or in otb 
words, Q is merely the point of intersection of BB and FO, 



\F \ 
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To draw the network for stereographic equatorial projection, we deecr 
a circle, its semi-diameter being in suitable proportion to the size of < 
paper. We draw the polar and equatorial axes in their relative { 
pendicular positions, and divide the circumference of the extreme merid 
into the required divisions. The centres of latitude are found 



CARTOGRAPHY 



99 



explained in Fig. 50,^ or this may be done upon the following principla 
Let the geographical latitude of the parallel circle HDJ^ ^ ; it follows 




Fio. 52. 

that ^00 «^^^ and also ^JPO^^\ that is to say, the semi-diameter 
of the parallel under consideration is FJ^OJ cot ^»JS cot ^ If, 
moreover, ^OBQ^\^ i.e. if the meridian under projection forms the 

' Tlie bracketed letUn in Fig. 51 refer to the poeitioni of the reipeotiye pointe on the 
pUne of the moMi meridian in Fig. 50. 
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angle \ with the extreme meridian, it follows, mceBOQ is a right-angle 
triangle, that the length of QB^ the semi-diameter of the projection of tfa 

BO It 
meridian under consideration, iu QB^ — r— — r» or what is the sam 

^ COSA CO«A 

thing, QB'BsecXi and also that OQ-^O. tan X»JS. tan X. 

To obtain the stereographic hofizoiUal projedion of a place, its geographic; 
longitude being »0*, and its north geographical latitude » 48% we imagii 
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tt to be the place that has to be determined (Fig. 63), and at the same tii 
the centre of the hemisphere under projection. The opposite point A w 
be the point of vision, and the plane MN of the sensible horizon of u 
the plane of projection. The edge of the map (Fig. 53) gives the circle 
intersection OJHK of the plane of projection JfWand the globe, and t 
vertical diameter OH represents the projection of the mean meridi 
QVZPWUEH in Fig. 62. Since the plane of the equator EQ cuts t 
plane of projection MN by the diameter KJ perpendicular upon the li 
OH^ the projection of the equator as given in Fig. 53 must pass throu 
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the extreme points K and / of the diameter perpendicular to OH, The 
projections of the points of the different parallels situated on the 
mean meridian OVZPWUEH (Fig. 52) must of necessity fall on OH, and 
are determined by means of the rays AV, AZ, AP, AW, A U, etc. We 
notice that in this operation the projection u of 17 lies in the centre of 
the boundary circle. Now in Fig. 53 let ^KueT'^iV' (geogr. kt of IT); 
draw a line p'up" perpendicular to e'u^ in u ; divide the periphery of 
the circle of circumference into twenty-four equal parts, beginning at (T, 
and from the points of division draw rays to /. The points where these 
rays cut OH will be the stereographic projections of the points on the mean 
meridian of a system of pandlel circles at equal distances of 15''. For 
instance, if the arc p'vi' ^pY a 15", the points of intersection of OH with 
the rays Jvf and JsT give the stereographic projections of ^and Z dAV> 
and z, through which points the parallel of 75** north latitude must pass. 
Since all paralleb cut the mean meridian at right angles, this must also be 
the case in the projection ; i.e. all centres of parallel circles must in the 
projection lie on the line OH] thus, for instance, the centre of un; is the 
centre of the parallel in 75" north latitude. 

Amongst the parallels there is also one which is always projected as a 
straight line, viz. the parallel which passes through the point of vision A, 
The projection DF of this parallel is nothing but the line of intersection 
DF of the plane of the parallel AB and the plane of projection MN. 
Of necessity DF must be perpendicular to OH In Fig. 53 we 
find the line DF by drawing a parallel to ^^, through «/, its point of 
intersection C being determined by OH, and a perpendicular being drawn 
in G on 00. Since all meridians cut this special parallel at right angles, 
this must also be the case in the projection, viz. all meridians, with the 
exception of the mean meridian, become circles, cutting DF (Fig. 53) 
at right angles; hence the centres of these circles must all lie in DF, 
The meridian perpendicular to the mean meridian is clearly the circle 
which passes through JT, p, and /, its centre lying towards C. To 
obtain the projection of a meridian which makes a spherical angle of 15* 
with the meridian just referred to^ we must again remember that the 
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projections of these meridianB must likewise intersect esch other at 16 
and therefore that the rays directed towards the point of inteisectio 
most contain an angle of 15\ Henceif ^C^M^»16% M^ must be tl 
centre, and since the projections of all meridians most pass thtongh p^ tl 
arc M^ described from M^ represents the projection of the meridia 
nnder consideration. In order to facilitate the constraction of tl 
different angles to pC^ we describe a semicircle centre p with pC i 
radiosi draw a perpendicular on Op^ and divide this semicircle, beginnii 
at (7, into twelve equal parts, six on either side of C. This being don 
the stereographic horizontal projection is easily completed.^ 

By a similar operation to that used in equatorial projection (p. 94), f 

can prove that the length of the ray of a meridian circle » — ^ 

^ being the geographical latitude of U, and 17 the angle contained by tl 
required meridian and the meridian KpJ (Fig. 53). The length of tl 

radius of the paraUd cirde we exprea. by f(cot4*- twi^ 

a being the geographical latitude of the parallel under consideration, ai 
^ again the geographical latitude of U. 

Stereographic methods of projecting are useful when large portions 
the earth have to be represented. The hemispheres in our atlases a 
generally given in this projection (eastern and western, northern ai 
southern hemispheres), also hemispheres of the largest bulk of land 
water. Sir J. Herschel has pointed out that London is very nearly 
the centre of the hemisphere of greatest land. But this representati* 
has one great defect. If we look at the network represented 
Figs. 51, 52, and 53, we see that in some parts of the map t 
degrees are lengthened out, and that in other places they are cc 
tracted. In stereographic polar projection, for instance, the degrees 
latitude become narrower as they near the pole ; in equatorial projectic 
on the other hand, the degrees of longitude in the centre of the map t 

' Tli« bracketed letten in I^. 58 refer to the corresponding positions of the respect 
points on the plane of the mesn meridian in Fig. 52. 
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far too smalL The principal defect of stereographic projection lies in the 
exaggeration of the scale of projection between the centre and the edges 
of the map—a defect which becomes particularly noticeable when, as is 
often the case in stereographic projection, the representation extends 
over the surface of an entire hemisphere. 

The defect is partly rectified by parallel alteration of the plane of 
projection, and partly by placing the eye at a certain distance from the 
surface of the globe. In the latter case we get the so-called external pro- 
jection. Fig. 54 shows the position of the eye and of the plane of 
projection for these combinations, in a for a 
sterec^raphic projection in which the plane of 
projection touches the surface of the globe, in b 
for the external projection in which the plane of 
projection either passes through the centre of the 
globe, or in some other way touches it. External 
projection permits five-sixths of the surface of 
the earth to be brought under representation. 

The ancients used stereographic projection 
only for maps of the celestial sphere ; it was not 
until after the discovery of America that stereographic projection was 
utilised for the drawing of terrestrial maps, for as the known world 
grew in dimension, the necessity became more and more felt for some 
method of projection by which larger portions of the earth's surface 
could be represented. Then it was that the planispherium of Ptolemy 
was thought of, and in a new edition of Ptolemy's Geography the pro- 
jection was first applied to this use. But it was Johannes Werner^ a 
Nuremberg mathematician, who gave it its true vital power (1468-1528). 

3. Central or Onomonie Prqjedian 

There are traces of the central projection as far back as Thalea At 
least it is not improbable that the representation of the ecliptic in the form 
of the old sun-dials (gnomon) would lead to the representation of the starry 
heavens by the same projection. It is doubtful, however, whether the 




FiQ. 54. 



IM 



ASTRONOMICAL GEOGRAPHY 



ancients oyer used the method of central projection for drawing i 
Only daring the last century it has come to its full value for the pn 
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ing of maps, thanks to its spedd property of reproducing the great ci 
of the sphere as straight lines. 

As the name indicates, we imagine the eye to be in the centre oi 
earth, and the plane of projection to touch the sur&ce of the sp 
Central projection can be polar, equatorial, or horizontal, accordii 
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the plane of projection touches the pole, a point on the equator, or some 
other point on the surface of the earth. 

Let in Fig. 55 EPQ he the earth's sphere, EQ a part of the equator, P 
the north pole. We imagine the eye to he in the centre 0, the plane of 
projection MNto touch the globe in the point Q of the equator. In order 
to show that the great circles on the globe are reproduced as straight lines, 
we have only to consider that the rays directed to the different points of 
one and the same great circle are also the semi-diameters of that circle, 
and therefore must lie in the plane of this same circle which cuts the 
plane of projection in a straight line. The intersection of these two 
planes gives the projection of the required great circle, and therefore the 
projection must be a straight line. Hence the equator and the plane of 
meridian perpendicular to the plane of projection are represented by two 
straight lines perpendicular to each other. Let XY and ZZ^ be these two 
straight lines in the plane of projection MN, The line XYwiU. run parallel 
to the axis of the globe and touch the globe in Q. This determines the 
position of the line ZZ^, for this line must be vertical to XY, and likewise 
touch the globe in Q, 

To form a clear idea of the projection of any other meridian, we must 
remember that these projections must all pass through the projection of 
the pole ; and as the ray directed to the pole runs parallel to the plane of 
projection, it can only meet the pole at an infinite distance, and con- 
sequently the meridian projections can only meet each other at infinity. 
Hence it results that meridian projections are represented by parallel 
lines perpendicular to the equator, and all we have to do is to extend 
the ray Om directed to the base of any given meridian until it cuts 
the line ZZ^ in m. Meeting the line e^b through m^, which is per- 
pendicular to Z^Z, this straight line is the projection of the meridian Pm. 

The Parallels 

Parallels cannot be drawn quite so easily, because they appear on 
the plane of projection as conical lines of intersectioa For instance, 
to project the extreme points c and d of the parallel arc cd^ the rajrs 
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Oe, Od muit be extended until they cut the corresponding meridian in 
e^ and d^ respectively. The distance of e^ from the projection of the 
equator is greater than the distance d^Q, and this distance is different for 
every point of the parallel under consideration. Thus we find that 
not only the degrees of latitude are not equal to one another, but are 
of different lengths on all meridians, but also that the degrees of longi- 
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tude are not equal to one another. Hence it is not quite so simple a 
matter to draw the network for gnomonic projection as we have found it 
for the other methods of projection previously described. But» on the 
other hand, it is quite easy to project a great circle, of which only two 
points need be given. If, for instance, we want to get the projection 
of the great circle passing through a and 5, we lengthen the ray Oa 
to a^, the ray Ob to (^, and connect a^ and b^ by a straight line ; this 
line will represent the reqxiired projection. 
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Let PQ be the prime meridian, Qm the longitude X of the meridian 
Pm, hence ^QOm^'X, and if i2 be the radius of the sphere, the projec- 
tion (A this longitude will be 

Qm| = JStanA. 

The projection of latitude mc is produced bj the right-angled trian^e 
Om^Ci if ^ represents the latitude of c, 

m^c^ = On^ tan m^Oci = Ofi^ tan ^. 

Further, in the triangle QOmn Om^^BBecX, and hence 

m^c^ = i2 sec A tan <^ 

For gnomonic equatorial projection (Fig. 56) we deduce from this 
the following method of construction. Draw MO perpendicular to EQ 
(Fig. 56), and with the radius of the globe describe circle centre £, 
touching the equator in 0. Divide this circle, beginning at 0, to right 
and to left in degrees up to 60*" or 70" ; the intersections of the radii 
cutting through and extending beyond the points of division are the 
bases of the corresponding degrees of longitude. In fact^ the first of the 
above equal divisions corresponds to Oa^jR tan X. 

Now supposing abJ^aL, ^aLb^^ and abi^ab^ then h^ is the point 
of intersection of the parallel of latitude ^ and the meridian which passes 
through 0, for ab^^ab^La, tan ^; but in the triangle OLaLa^OLsecX, 
hence oi^ » JS sec X tan ^ the same as above. Determining several points 
on one and the same parallel in a similar manner, and connecting them 
as above, we get the projection of our parallel. 

In gnonumk pdUur prqfedion the plane of projection MN touches the 
surface of the earth in one of the two poles. The planes of meridian 
produced cut the plane of projection in straight lines passing through P, 
because the pole is the common point of intersection for all meridians 
(Fig. 57). The projections of the meridians, however, are also tangents to 
the globe, hence the angles they contain must be equal. For instance, 
if Pc be the projection of PCS, Pb that of PBQ, then ^bPc is the measure 



108 



ASTRONOMICAL GEOGRAPHY 



of the spherical angle QPR A number of raya directed to different 
points on the parallel AB forma a conical surface, and this is cut in a 
eirde by the plane of projection MN, which is perpendicular to the axii 
of the conical surface; and since the centres of all parallel circles arc 
situated on the line OP, it follows that the projections of these centref 
also lie in P. The parallels, therefore, are reproduced as eirdes witb 
their common centre at the pole. Their radii are determined by the 
triangle aOP. * 

Pa = i?tan(90**-<^) = i?oot^ 
To construct the network for this projection (Fig. 57), we draw the 




meridians as straight lines which intersect in the centre of the ma| 
at angles corresponding to their respective longitude differences. From 
P, the common point of intersection, we draw a length PO^B on anj 
one meridian, and from we draw straight lines, making with 01 
angles of 10*", 20*", 30*"... The points of intersection of these lattei 
with the meridian perpendicular to OP give the points through which th< 
parallels 80*, TO*", 60° . . . must pass. Their centre is in P. For in 
stance, we get for the parallel of ^»50* latitude, Pm^PO tan POm^ 
i{ tan 40** « £ tan (90** - ^)-i2cot ^, the same as abova 

We cannot represent an entire hemisphere either by polar or equatorial 
gnomonic projection all at once on one sheet ; for if we look at Fig. 58 
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we Bee that the size of the degrees of latitude and longitude increases the 
farther we go from the centre of our paper. The ray directed to the 
pole would cut the paper at an infinite distance, and the same is the 
case with the ray directed to the point on the equator which is distant 
90* in longitude from Q. In polar projection the radii of the parallel 
circles in the lower latitudes become so large that they cannot be 
represented on an ordinary sheet of paper. Central projection is there- 
fore more suited to the representation of small portions of the globe, and 
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in navigation it is a very favourite method. The course of a ship sailing 
from one point of the globe to another is generally laid down in an oblique 
direction, or loxodrome^ ie. a curve which has the property of cutting all 
meridians at the same angle. The loxodrome is not the shortest line 
between two points on the earth's surface, but in navigation it is the 
most convenient^ because sailing along this line ensures the mariners 
remaining within the right course or angle. 

The course is the angle made by the direction of the bow of the 
vessel with the meridian. In long voyages, however, ships try to 
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follow the shorteBt line, which is the arc of a great circle connectiiii 
the points of departure and of arrivaL This line, called the artkodromey o 
''•traight" line, is a closed curve or circle. As it always runs parallel t 
the curved surface of the earth, it always appears as a straight line witi 
regard to the ever-varying horison, but it does not cut the meridians a 
the same angle, because they are not parallel, but converge toward 
the poles. 

For navigation on a great circle (or orthodrome), gnomonic chart 
are used, on which the course of the vessel can be marked as a straigh 
line, while in loxodromic navigation Mercator's projection is made us 
of (see p. 118). 

4. Loxodromk or Compass Maps 

The maps of the ancients were, after all, at best only distance mapi 
constructed on the purely rectangular co-ordinate system. With th 
invention of the compass a great step was gained towards the mor 
accurate determination of the direction of places with regard to eae 
other, and thus "direction maps" were made, generally known as compak 
OT loxodromic maps. 

Fig. 59 is a specimen of this kind of map. The system of lines on i 
is quite distinct from the graduated network ; it is a system of subsidiar 
straight lines, consisting of a compass card in the centre of the paper, wit 
sixteen principal directions, and a circle of sixteen minor roses, eac 
divided into thirty-two parts. The centres of these minor roses lie alon 
the periphery of a circle concentric with the central rose, and on th 
points where the sixteen principal rays of the central rose touch th 
imaginary circle. Each of the thirty-two divisions of the minor roses j 
called a pointy and has an angular value of 360/32 -» IT 15'. 

In order not to render the maps indistinct by so many lines, thee 
used to be drawn in colours — the eight principal directions (N., N.E 
K, S.K, S., S.W., W., N.W.) in black; the half-points (N.N.K, KN.E 
KS.K, etc.) in green; and the quarter points in red. The mile scale, fc 
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measuring distances, was generally drawn along the vertical edge of tl 
map. 

From the earliest times sailors had been accustomed to record ti 
directions and distances of the different places they visited, and collectio: 
of such notes were called variously peripUs^ shdiasmes, portulani^ and si 
hooks. These sea-books were from time to time corrected, and the materi 
therein contained must in the end have been fairly correct In the lar^ 
Italian ports along the Mediterranean there were people who mai 
hydrography and cartography their profession. They collected the s€ 
books and based their charts upon them, marking for each journey fro 
the same starting-point the different directions and distances by means 
scale and compassea For instance, if they found for a certain place B 
distance of 50 miles N.K of another place A^ they marked B on the mx 
50 miles to N.R of A, etc When, in determining the position of plac 
from different starting-points, differences arose as to the exact position 
the place, they split the difference by taking the mean value of tl 
different entries. 

Amongst the oldest known specimens of these mediaeval maps are ti 
nautical atlas of €renoa, known as the AiUu Luaaro (first half of thirteen 
century), and the so-called Pisan charts (end of twelfth century). Specime 
of later date are extant in all the principal libraries of Europe, and tl 
greater part of these cartographical monuments have been reproduced ai 
made accessible to the public. Foremost among the Italian cartographe 
stands Pietro Yisconte of Grenoa (1318). Italian charts naturaUy repi 
sented only those regions to which their navigation was confined, tl 
Mediterranean coasts and the Atlantic face of Europe. The coast-lin 
for these parts were so accurately drawn that Italian charts were used \ 
over Europe, and were not superseded by more modem productions un 
the seventeenth century. 

Besides the Mediterranean charts, we have handed down to us fro 
the Middle Ages a large quantity of world maps {mappa mmdi). The 
drawings, though highly interesting as curiosities, are of no practic 
cartographical use. The later world maps, as for instance that of F 
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Mauro (1457), are of valae, in so far as they show how the Italian sea- 
maps were converted into land-maps. 

Daring the Middle Ages the great work of Ptolemy was no longer 
understood, and was at length lost^ but the scientific zeal of the learned 
men of the Renaissance unearthed the ancient treasures of scientific carto- 
graphical knowledge, and Ptolemy's Geography went through several 
editions. His system became universally known and adopted in western 
lands. It was found, however, that the so-called Ptolemaic maps in their 
traditional form contradicted the teaching of the Ptolemaic text» and hence 
several attempts were made to reform the theory of cartography or map- 
drawing. The first who ventured to suggest that a new method of pro- 
jection should be adopted for the next edition of Ptolemy's maps was a 
Benedictine monk, by name Dominus Nicolaus, erroneously called Donis. 

The network of his pseudo-cylindrical projection consists of straight- 
lined meridians and parallels, as is the case in plane maps, but with thi» 
difference, that not only the mean parallel circle, but ako the extreme 
parallels of the map, are divided in the correct proportion. This im- 
perfect manner of projection, however, found but little favour, because 
its straight-lined paraUel circles did not show up sufiSciently the spherical 
shape of the earth ; and once again the conical projection was resorted 
to^ for a new edition of Ptolemy's work (Rome, 1507). But instead 
of circumscribing the cone to the sphere, they imagined the cone to be 
inside the globe, assuming its^ vertex to be at the pole A^ and its base- 
line at the equator BC (Fig. 60). In developing this conical surface the 
question is to define the angle a. To do this we have the proportion, 

ic:2ira(=a:360, 

only in the present instance ab^AB^ ,J2^^R^2. Let he contain 
an arc of 90"* longitude ; we find that^ because the equator is here to be 

wR 
represented in its natural dimensions, hc=^—^ hence 

- 90"* 

J«-ii:2Bv/2ir = a:360i anda=--^. 

VOL. II I 
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With the semi-diameter R^J^ we therefore describe the arc k, and ali 
the mean meridian ; from the vertex of the sector, we apply on both sid 

of the mean meridian the angle r- 

The development he of the equatorial segment^ the latter being givt 
in its natural dimensions, can be divided into equal parts, representi] 
degrees of longitude. The pole of the earth is in the centre a of t 
sector hoc. The degrees of the meridian are made equal to one anoth 
and from a as centre we describe concentric arcs through the poii 
of intersection to represent the parallels. Extending ah and ac in \ 
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direction ax and ay, the degrees of south latitude from h and c to a; ai 
can also be entered. This projection therefore allows of a drawing 
extend over southern latitudes as well, but it evidently did not find n 
favour, for there is only one map preserved to us in this projection, dr 
by Johann Buysch (1508). 

The end of the fifteenth and beginning of the sixteenth century st 
great change in map-making. The known world had become a great 
larger, and cartographers devised different methods to represent the ei 
world on one sheet of paper. The heart-shaped projection of Bema 
Sylvanus, really invented by Johann Stab, but first applied by Sylvc 
is the best known of the methods of projection of this time. The n 
sentation (Fig. 61) shows the effect produced. 
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A straight line represents the central meridian, divided at equal dis- 
tances to represent the degrees of latitude. The centre of the parallels of 
latitude is placed at lOO*" from the equator (instead of 181' 8' of Ptolemy's 
system), and from there concentric curves are described, cutting through 
the points of division on the middle meridian. . The degrees on the 




equator are then made equal to the degrees of longitude, after which 
three southern parallels, and eight northern, are subdivided in their true 
proportions. The lines cutting through the points of division produce 
curves, which are the projection of the meridians. Thus the map 
assumes the shape of a hearty with the point at the bottom missing. 
Several modifications of this projection were proposed by different mathe- 
maticians, amongst whom we must mention J. Werner and Peter Bienewits, 
better known as Peter Apian (U95-1552). To this same era bdiong 
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several other projectiona, with slight differences of constniction, and 
the double heart-shaped projection of Orontius Finaos, a French mathe- 
matician (1531), which was adopted by Mercator with slight modifications. 
Fig. 62 gives this projection. 

From the angular points of an equilateral triangle ABC (Fig. 62) as 
centres, describe three arcs AG^ AB, BC; A representing the pole and BC 
a quadrant of the equator ; AB and AC being two quadrants of meridians 
at distances of 90*" longitude. Draw a straight line AD joining the pole A 
with the point bisecting the equatorial quadrant BC, This straight line 




represents the middle meridian on the map, and we proceed to divide 
it into equal parts. Through these points of division describe concentric 
arcs, with A for their common centre ; this gives the circles of ktitade. 
Finally divide the equatorial arc BC and the parallel circular arcs of 45* 
latitude, concentric with it^ into equal parts, and through these points of 
division and the pole describe arcs to represent the meridians. To enable 
one to represent an entire hemisphere, this construction has to be enlarged, 
by extending the equator and all circles of latitude on either side of the 
middle meridian. With the semi-diameter DA, from D as centre describe 
arcs AE and AF; this gives the meridians at 90' from the central 
meridian on map. With the same semi-diameter, from the points B and 
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C as centres describe arcs AO and AH\ and finally from E and F as 
centres describe arcs AJ and AK^ these latter being ISO*" distance 
from the central meridian. Continuing in this manner, and with the 
same semi-diameter, the entire network of meridian circles can be 
represented. 

Finaus, and after him Mercator, projected the entire world on this 
double heart-shaped network. 



The Reformation of Cartooraphy 
Mercator^ the Beformer of Cartography 

Gerhard Eremer, better known as Mercator, was bom at Rupelmonde, 
March 5, 1512. He was educated at the University of Louvain, where he 
distinguished himself under the celebrated mathematician, Gemma Frisius, 
in the construction of astronomical instruments, terrestrial globes, and 
maps. During the religious disturbances in the Netherlands he was 
banished to Duisburg, where he spent the rest of his life, and died in 1594. 
Thus, although a Belgian by birth, he belonged to the German nation 
during the times of his greatest mental activity. 

Many of his earlier maps, belonging to the Belgian period, have now 
been recovered, but they are for the greater part copies of those of the old 
masters in cartography. The first of his original creations appeared in Duis- 
burg in 1569, being a Map of Europe^ closely followed by his Map of the 
WorH upon which his Eim>pean fame is based. In the history of carto- 
graphy, he is the man who closes the old and opens the new era. His 
time still laboured imder the ban of over-estimating the Ptolemaic formal 
method : Mercator, with his Codex of PtdUm^s TtvefUy- seven Maps^ gave 
the ancient master, once and for all, his true place among the scientists 
of the world, and he himself stepped forth as a new Ptolemy. All that 
his time had produced, the entire cartographical movement of this 
age, was summed up by him in his Adas, and moulded into a system 
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upon which all modern cartography is based. In the year 1585 appearec 
the first part of his CMedion of New Maps of Modem Oeography;^ but h 
did not Uve to see the collection completed. To this day, however, a] 
atlases, in name and in method of constmction, bear witness to th 
principles laid down by him.' 

Mercaiar's (Equiangular) Oylinder Projedim 

We have already (p. 109) alluded to the fact that a ship sailir 
from one place to another, on a loxodrome, describes a curve which cu 
all meridians at the same angle. Now to represent the loxodrom 
line of the ship's course by a straight line, which is the only practic 
representation for nautical purposes, we must have a chart on whi< 
the meridians are parallel to each other, and on which the angles of t1 
spherical surface are given in their natural dimensions. 

In the fifteenth century plane charts were adopted for maritii 
purposes, but they were not equiangular. T 
seafaring men of the time heeded this not at fin 
but gradually they became aware that the com 
prescribed on the chart did not lead exactly 
the intended point of destination. In vain d 
the best mathematicians attempt to correct th( 
errors of the plane charts; but Mercator soh 
the riddla He realised that the mistake lay 
the construction of the network. Let abed (F 
63), in the square plane charts represent the p 
jection of a very small segment ABCD of 1 
globe, contained between two very near meridians and parallels, of i 
1' difference of longitude and latitude ; and let m be the true longiti 
of the equatorial arc, situated between the two meridians AB and ( 

^ Atlaa Hve Ootmographieae ad mmUm PioUmai rtttihUae et emmdatae, Doiibiirs, II 
' The Atlas contains, besides maps, oosmographical and other dissertations. It 

completed by Hondios in 1607. Several of the maps had been previonsly pnblif 

separately. 
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This would read on the plane charts 



360.60 



Supposing the arc AD to have latitude ^, this would be represented 
on the plane chart hy ad^^nif while on the globe it would only have 
length m cos ^, By making ad^ equal to m cos ^, the angle oM^ repre- 
sents the true size of the respective angle on the globe, while on the 
plane chart this angle is represented by ^aM. To make the map or 
chart equiangular, and at the same time allow the parallel arc AD to 
retain the length m of the corresponding equatorial arc, the projection 
of D on the map must fall at the point of intersection di of the extended 
lines bd^ and cd. The triangles Oibdi and abd^ being similar, it follows that 

a^b:ab^ a^d^ : (uJ^ = m : m cos ^=: 1 : cos ^ ; that is to say, 

ab 

a.b = 7 Bai.sec^ = fi>sec<^ 

^ cos^ ^ ^ 

Therefore, to ensure conformity in a map with rectilinear meridians 
and parallels of latitude, perpendicular to each other, and in which a 
degree of longitude in all latitudes has the same magnitude, i.e, its value 
on the equator, it is necessary that the length of a degree of the longitude 
in the different latitudes be enlarged in the proportion of the secant of 
these latitudes. This is what Mercator discovered and carried out in his 
map of the world (1569), and hence all maps constructed upon this 
principle are called Mercator maps. 

The distance of any two succeeding parallel circles of latitudes 
1', 2*, 3', 4^ . . . will therefore be»fi> sec T, m sec 2^ m sec 3% m sec 4% 
. . . i.«. the distance apart of two such parallel circles increases in pro- 
portion to the secant of their geographical latitude. The distance x of 
the parallel of latitude ^ from the equator is consequently determined by 

a:=m(secr + sec2' + sec3' + 8ec4'+ ... -i-sec<^^. 
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According to the higher analysis, howeyer, 

sec r + sec 2' + sec 3' + sec 4'+ . . . +sec^' 
180.60, . /i..^*\ 

the equatorial distance of the parallel circle in latitude ^ (m being the 
length of a minute of arc at the equator) is therefore expressed by 



z = m- 



180.60 



log tan (46^ + 1) = 5 . log tan (45^ + I). 



The following table is based upon this formula. It shows the distances 
of the different parallel circles from the equator, expressed in equatorial 
minutes. These ratios are also called meridional parts or enlarged 
latitudes. 



m . . ^— ..^i -_. 

m — »*^- — — -^— — „ ,^ 



FiCk 64. 

Fig. 64 shows the. increasing magnitude of degrees of latitude ; the 
squares at the equator become parallelograms of ever-increasing altitude 
upon the same base. Since for ^»90^ tan (45^+45^) » oo, it is evident 
that the pole cannot be represented upon a Mercator's map, and indeed 
this projection is not used for very high latitudes. 
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Geogr. 


Fftrteof 


Geogr. 


Pftrtsof 


Geogr. 


Parte of 


lAtitude. 


Meridian. 


lAtitade. 


Meridian. 


Latitude. 


Meridian. 


1* 


60-0 


29' 


1819-4 


66' 


4078-9 




1200 


80 


1888-4 


67 


4182-6 




180-1 


81 


^ 19680 


68 


4294-8 




240-2 
800-4 


82 
88 


0-v^28-4 
m9-6 


69 
60 


4409-2 
4627-8 




860-7 


84 


2171*6 


61 


4649-2 




421-1 


86 


2244-8 


62 


4776-0 




481*6 


86 


28180 


68 


4904-9 




642*2 


87 


2892-6 


64 


6089-4 




608-1 


38 


2468-8 


66 


6178-8 




664-1 


89 


2644-9 


66 


6328-6 




726-8 


40 


2622-7 


67 


6474*0 




786-8 


41 


2701-6 


68 


6680-8 




848-6 


42. 


2781-7 


69 


6794-6 




910-6 


48 


2868-1 


70 


6966-9 




972-7 


44 


2946-8 


71 


6146-7 




1086-8 


46 


3029-9 


72 


6384-8 




1098-2 


46 


8116-6 


78 


6684*4 




1161-6 


47 


8202-7 


74 


6746-8 


20 


12261 


48 


8291-6 


76 


6970-8 


21 


1289-2 


49 


8882-1 


76 


7210*1 


22 


1868-7 


60 


8474-6 


77 


7467*2 


28 


1418-6 


61 


3668-8 


78 


7744-6 


24 


1484-1 


62 


8666-2 


79 


8046-7 


26 


16600 


68 


3763-8 


80 


8876-2 


26 


1616-6 


64 


8864-6 






27 


1688-6 


66 


89680 


90 


00 


28 


1761-2 











With the assistance of this table it is quite easy to project the network 
of a Mercator's map, for hj subtracting two successive ratios one gets the 
magnitude of the relative degrees of latitude, expressed in minutes of 
longitude. For instance, to draw the network for a sheet extending 
from 20' to 30' longitude east of Greenwich, and 40' to 50' north latitude, 
we draw a straight line along the lower edge of the paper, which we 
divide into ten equal parts, corresponding to the degrees of east longitude 
20' to 30'. Upon the points of division we draw the meridians, and divide 
at least one of the degrees of longitude into sixty parts to enable us to 
read off the minutes. From the above table we take the parts of the 
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mmdun corresponding to the given degrees of latitude, and find tl 
diflferenee between them, thus : — 



Lfti. 


M«r. putaaoooid. 
ing to Table. 


Diffonnee. 


40* 

41 

42 

48 

44 


2622-7 
2701-6 
2781-7 
2868-1 
2946-8 


78-9 
801 
81-4 
82-7 



The itraight line drawn along the lower edge of the paper represei 
the parallel of latitode 40''. We now proceed to enter 78*9 m. of Ion 
tude ("-l"* 18*9^ on the meridian, touching the parallel at 40'; whc 
the point of the compasses cuts the meridian we enter the 4l8t degree 
latitude. From the 4l8t we then reckon 801 min. of longitude, and fi 
the 42nd, eta 

Mercator's projection of increasing latitudes (Carie rSduUe, Ca 
esferica) is chiefly useful in loxodromic navigation. It is the simpl 
method to determine the course of a vessel from one part of the globe 
another, and to measure the distance to be traversed. To determine ' 
course on the charts we connect the point of departure and the point 
destination by a straight line, which represents the loxodrome to 
traversed. On nautical maps, a great many compass-roses are dra^ 
and all we have to do is to draw a straight line through the centre of 
nearest one, parallel to the one already drawn. The point of the com; 
with which this straight line coincides is the required course to be foUoi 
by the mariner. 

To measure the distance between two points we take the map dista 
between them with our compasses, and mark them on the scale 
latitudes, half upwards and half downwards, starting from the m 
latitude between the two places. We then read off the number 
minutes of arc contained between the points of the compasses. ' 
number of minutes of arc gives the number of nautical miles, sixtj 
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which go to make one degree. If the difference of latitude between 
the given points be too great^ we divide the distance to be measured on 
the map into a certain number of parts, and measure each part separately 
in the above manner. 

During the voyage the seaman verifies his geographical position at 
least once a day, to make sure that he has not deviated from the right course 
through currents, bad steering, etc 

To mark on the chart the point of arrival of some vessel, a straight 
line is drawn from the point of departure on the map, which makes with 
the meridian the given angle of course of the ship, and on this straight 
line the distance is marked, subtracted from iiie meridian scale, as 
estimated by mean latitude, in the direction of the line of course. The 
extreme point of the distance thus determined is the point of arrival. 

Mercator's projection was intended to be of great help to the sailor; 
nevertheless it was long enough before his charts obtained general accept- 
ance, and as a matter of fact the universal acceptance of this projection, 
and of the minute of latitude as the nautical mile, is an achievement of 
the nineteenth century. As a projection for land-map Mercator's theory 
fared no better, but has only become popular in the course of the last 
century ; it has now, however, become so thoroughly established that in 
our days it would be difficult to find a world map projected on any other 
plan. For survey maps of the world, Mercator's projection certainly gives 
the most correct delineation of countries, and the only danger we run is to 
forget the fact that the size of r^ons near the poles is necessarily always 
much exaggerated; but for these regions another projection, described 
below, is used. 

Mercator devised several other projections, the most important of 
which is the equidistant projection. On his Urge sea-map (1569) the 
polar regions could not be projected, so on a side map he represented 
the polar regions by the following method. Bound the pole JVas centre he 
described the circles of latitude at equal distances from each other. The 
meridians were represented as straight lines drawn through the pole and 
cutting one another at the same angles as they do on the globe. The Italians 
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I c< had tl m rn — i tftili h dkmn finm the catra ol the Bap^ 
tk» J Mt MU oa » fw loo greoL Mcfcofeor reolind tldi^ and Mrer 
the projectfaMi lor aapt extcndiifg oro ■»!« than 10* from the pole. 
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We ttwin the coBUMBeeai«iit(pL 73) that the ere ^£ of the tenestriel 

iphere is reprodooed on the artificial ^dbe in the redooed proportion -^ • 

Dengnating the arc «> of the artificial ^obe as a» and the are AB on the 
terrestrial globe as ^. we get 
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If we rappoae a square with the very small arc A, its area will be A\ and 
the area of its projection will be a*. But 

Take another sqoare, the one side of which is on the natural globe jB, 
and in the projection h. We get 

J«»_5«, consequently a^ : 6* = ^*: E^, 

We see that the areas on the artificial globe are exactly the same in 
proportion as their originals on the real globe; their proportional size 




Fio. 66. 

remains unaltered. If a method is to be found by which a representa- 
tion can be made on the plane (flat) surface, in which this property 
is maintained, we should then have an equi-areal or equivalent 
representation. 

Several efforts were made to obtain this, but the real value of equi-areal 
projection was not properly understood until J. H. Lambert (1728-1777) 
made an analytical examination of the laws of map-making. He devised 
the egvi-OTial cylinder prcjedum^ also called isocylinirical projection. 

In this projection we imagine the earth to be surrounded by a right 
circular cylinder touching it at the equator (Fig. 66). Instead of directing 
rays from a certain position of the eye, we imagine the planes of the 
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meridians to be extended until they touch the cylindrical surface, in equi- 
distant straight lines, parallel to each other. Extending in like manner 
the planes of the parallels of latitude, these latter will cut the cylindrical 
surface in circles parallel with and equal to the equator. Now, if we 
further imagine the cylindrical surface rolled out on the plane, we obtain 
a network of straight lines, perpendicular to one another, in which the 
meridians are equidistant, while the distance apart of the parallels of 
latitude decreases as the sines of their latitudes (Fig. 67), being less the 

nearer they are to the pola Thus a 
network is produced just the reverse of 
the Mercator net, of increasing latitudea 
But like the Mercator projection, it can 
only be used for representing zones in 
the immediate neighbourhood of the 
equator. 

This simple projection must necessarily 
be equi-areal, for the height ab from 
equator to pole of the cylinder circum- 
scribed in Fig. 66 is equal to the semi- 
diameter of its base, hence equal to the semi-diameter of the globe ; 
its surface area is therefore = ^wB?. But the surface of the hemisphere 
is also »27ri^; therefore the area of the developed cylinder plane 
is equal to the area of the hemisphere, and consequently the area of a 
small segment of the flat surface is equal to the area of a corresponding 
segment of the hemisphere, ie, the projection is equi-areaL 

Another important device of Lambert's was the eqm-areal-admuthal 
projection. In this the plane projection touches the centre of the 
segment of the globe to be represented, and it is required that all points 
which on the globe are at equal distances from the point of contact 
should in the projection also lie in a circle round the centre of the map, 
and that each point both on the globe and on the map should remain in 
the same relative position or azimuth, with regard to the point of contact. 
To make the azimuthal projection equi-areal, the zones on the globe 
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coneentric with the point of contact must be equal in area to the circles 
in which their projections appear on the map. 

Equi-areal azimuthal projection is more suited for the representation 
of entire continents than the projections now used in most atlases, those 
of Bonne and Flamsteed. Fig. 68 shows a network in equi-areal azimuthal 
projection for the mean latitude of 45'*, representing the contours of Asia 
and Europe, the same as shown in Bonne's projection (Fig. 69). The 
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shape of Europe in Lambert's projection speaks clearly for the advantages 
of the latter's method. 

The homalographk projection (Fig. 70) is chiefly suitable for a 
representation of the entire world. It is on much the same principle as 
the Sanson-Flamsteed projection. The central meridian is represented as 
a straight line of its true length, and the parallels of latitude are straight 
lines perpendicular to the central meridian, also in their true length. 
The representation is therefore equi-areal. On the same principle as Sanson's 
projection, the meridians are described as ellipses, with the projection of 
the centnd meridian for their common major axis. To construct the net 
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the equator is divided into equal parts, and the meridians are ellipses i 




Fi<l69. 



secting the poles and the points of division on the equator, but con 
to Sanson's projection, the central meridian is not divided into 
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parts. The parallels draw closer together as they approach the pol 
not to the extent of spoiling the distinctness of the representation. 
Amongst the later improved projectiens we further mentioi 
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This 



fclfconicd projection used for the coast survey of North America, 
is a modification of the ordinary conical projection. 

StarHshaped maps are another variety of the same projection. The 
star shape was used by Jager to represent the north poUr region (Fig. 71). 
Afterwards it was improved upon and simplified by A Petermann, in that 
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he projected the northern hemisphere entirely upon the principle of 
equidistant projection, and divided the equator into eight equal parts, upon 
which isosceles triangles were constructed, giving the whole the appear- 
ance of a star. The parallels of latitude are described round the north 
pole as concentric equidistant circles. The rays of the star form the 
meridians, and the points of division on the equator are joined by chords 
VOL. II K 
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to the extreme points of the radii Other modifications of this projection 
were given by Berghaus, Steinhauser, etc. They consisted chiefly in a 
different division of the equator. 

On the Choice of Projedwns with Smallest Distortion 

In map-making it is naturally desirable to choose a projection which 
involves the least possible distortion or alteration either in angles, dis- 
tances, or surface, and it depends upon the special object of the map 
which two of these three elements have to be sacrificed to the benefit of 
the third. We exclude those projections which are merely preferred 
because of some distinctive property, such as Mercator's cylindrical projec- 
tion, because of the representation of loxodromes as straight lines ; the 
gnomonic projection, because of its rectilineal great circles, i.e. shortest 
distance between any two given points on the earth ; and the ortho- 
graphic projection, used for representing the lunar surfaca 

Because of the spherical form of the earth, it is obvious that the 
angular, distance, and surface distortions can never entirely be made to 
disappear in any projection on the flat surface ; but for high-class maps 
it is a question of very great importance to decide by which projection 
the nearest approach to conformity can be obtained in two of its elements, 
whore the third has been brought to the highest degree of equality. 

For the representation of an entire hemisphere, all cylindrical and 
conical projections are necessarily excluded, for in them regions situated 
near the extreme boundary lines are very much shortened, or else places 
which on the earth are comparatively dose together appear on the 
projection as at great distances from each other. After dismissing these 
projections, it remains further to decide whether the greater stress should 
be laid on the correct representation of angle, distance, or surface. 

No projection is equidistant except when referring to distances from 
the centre of the map. We therefore cannot speak of maintaining dis- 
tances in general, but only of maintaining distances with regard to the 
centre of the map. Loppritz calls this mean distance. 
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In order to keep the angles unchanged and to reduce the distortion of 
surface as far as possible, stereographic projection is the only available 
method, but even in this, areas near the edges of the map are four times 
too large. 

To represent the surface unaltered in area, and to reduce the greatest 
angular distortion to a minimum, Lambert's equivalent azimuthal projec- 
tion should be made use of. 

Among the mean distance projections the equidistant projection (p. 79 
seq,) gives the smallest angular and surface distortion. 

External projections, in which the eye is placed at a distance from the 
surface less than the length of the diameter of the globe, give repre- 
sentations in which the greatest angular distortions are smaller than in 
Lambert's azimuthal projection, while the greatest surface distortions are 
smaller than in stereographic projection, but the distance distortions 
smaller than in either of these two, yet greater than in equidistant 
projection. 

Conical projections give better results when the set form of the circum- 
ference is abandoned. We have hitherto been accustomed to imagine the 
cone as so placed that its axis coincides with the axis of the earth. But we 
may with equal right represent the eastern or western hemisphere on the 
conical surface, touching the earth along one of its meridians, the vertex 
of the cone coinciding with the extension of an equatorial radius of the 
earth. 

If the object is to represent a considerable segment of the hemisphere, 
azimuthal and perspective projections are recommended. 
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Classification of Maps 

(a) Names and Oeneral ClassificaiioH of Maps 

Thb Greeks called their land-maps irlva^^ the Bomans^ Orbis pietuSy fi 
which the old German word Land-tafd has been derived. The Ls 
Charta means originally record, letter, or information, but occurs as ea 
as the fourteenth century in reference to land-maps. The express 
Mappa dates from the ancient pictorial land-maps painted on canvas. H 
in England, we still distinguish maps (land-maps) and charts (sea-ma 
The name AOas for a collection of maps owes its origin to Mercator's g 
cosmographical work; his heirs transferred the name, which origin 
belonged to the entire work, to a part of it, the collection of maps. 
Maps are generally classified as cdesHdl, terresirial, and nautical ma] 
Among the celestial maps we reckon in the first place astronomical n 
representing the solar system, single planets, or the moon. Since 
lunar observations astronomical telescopes are required, which invert 
object, the south in lunar maps is at the top, the north at the hot 
Meridians and parallels appear on the disc of the moon the same as or 
earth, and the spherical co-ordinates of a point on the moon's surfaci 
called selenographic or lunar co-ordinates ; we thus speak of sdenogn 
longitude and latitude. 

ConsteUaHon charts are for the study of the starry heavens. ^ 

182 




TOPOGRAPHY 138 

give the constellations, with the separate stars clearly defined. The co- 
ordinates here used are right ascension and declination. 

Land^maps are representations of portions of the earth's surface. 

Sea-maps or tuiiUieai charts form an extensive group, in which not the 
conformation of the countries, but the coast-lines and the seas surrounding 
the land, are principally represented. The interior of the land is used in 
nautical charts for enlarged representations of important points, or for 
picturing nautical signs, buoys, beacons, and lighthouses. 

Both land- and sea-maps can be subdivided into many different kinds, 
according as they are classified with regard to their scale of reduction, 
their contents and object^ or their manner of construction. 



Classification of Maps 
(b) According to their Scale of Reduction 

The scale of a map means the proportion in which all parts of the 
representation appear reduced in scale. If, for instance, two places on the 
globe are 1 kilometre apart from each other, and their distance on the 
map is 1 cm., then the scale is 1 : 100,000, which can also be expressed 
by the fraction unnnni* The scale is generally marked on the map. 
By means of the scale we can measure at once what part a certain line 
on the plan is of its corresponding line in nature. For instance, if we 
measure on the map a distance of 3 cm. (the scale being ioioo X this 
represents in nature a distance of 3 X 40,000 cm. = 1200 metres. But 
if the distance on the map measures 3 dm., this represents an actual dis- 
tance of 3 X 40,000 dm. = 12,000 metres. Any figure, therefore, may be 
taken as unit of measurement It is only of late years that this manner 
of scale drawing has been introduced. 

The proportion of reduction is not always expressed in the same units 
of measurement Sometimes it is stated what is the actual distance 
between two points in nature, their distance on the map being represented 
by a certain unit — ^for instance, 1 cm. Thus we may find on a map, 
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1 cm. as 500 m. ; thia means that eveiy cantimetre on the map equals 
500 metres in nature. If the length of the course of a stream is found to 
be = 17 cm. on the map, this represents an actual length of 500 X 17 
s:8500 metres s 8^ kilometres. The method of measuring sometimes 
adopted on English maps is (1 inch « 15*78 miles, ie. 1 : 1,000,000). 

Maps are, moreover, generally provided with a scale on which dis- 
tances are geometrically marked, and can be easily read off On such 
scales the usual measures, either kilometres or miles, are given in theii 
reduced form, say 1 cm. to 1 mile. The spaoes marked on the scale give 
the representative distances of the distances as they actually are. Fig. 7S 
represents a rectilinear scale in proportion of 1 cm. = 1 mile. Each spaci 

6* .'e 

Fia72. 

on it represents a mile, called a reduced nUle. One of the spaces is sut 
divided into ten parts to represent tenths of miles. Thus if we want t 
determine the distance a5, we take the distance between the points of ou 
compasses, and mark it off on the scale from a to & We then find tha 
the distance is 3*7, or, in other words, that the places are 37 miles distai 
from each other. This method of reduction is found on the old maps ( 
the time of the so-called loxodromic maps until the last century. 

In cases where no scale is given, we can easily ascertain the mea 
scale of reduction, by measuring the length of a degree of a meridian o 
the map, and dividing the same by the actual length of a degree of tl 
meridian. If, on the map, a degree of the meridian is 5 cm. long, thei 
accepting the mean length of a degree of a meridian to be 111,121 nc 
the proportional of reduction will be 

6 cm. :11,112,100 cm. 
i,e. 1 cm. : 2,222,420 cm. 

or in round figures, TTiirnnr- 
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This reduction, however, can only serve (especially when the projection 
is not equiangular) for the nearest vicinity to the place where the degree of 
meridian has heen measured ; for no distances are actually the same in 
any projection, and then distortions differ in different portions of the 
map, and in non-equi-angular projections they are even different for the 
same place in different directions. It is therefore not strictly sufficient 
for any map to have only one scale ; but in practice it is found to answer 
every purpose to give the mean scale. 

The scale of reduction is also influenced by the condition of the 
atmosphere, and depends upon the temperature, and particularly upon 
the moisture of the atmosphere, because the paper on which the map is 
drawn contracts in cold and damp climates. This is, however, small 

Most European states measure now by the metric or decimal system, 
with the metre as unit of measurement A metre was intended to be the 
ten-millionth part of a quadrant of the earth, and is so very nearly. 

In measuring large tracts a mile-scale is used. A nautical mile or 
knot ^ is the length of one minute of a great circle on the globe, and is 
the same as a British geographical mile. Thus : 

1 nautical mile =1855 metres, roughly. 

Maps have sometimes, moreover, the following measurements marked 
on them : — 

1 Austrian post mile = 7586 m. 

1 Prussian mile = 7532 m. 

1 English statute mile= 1609 m. = 1760 yard& 

1 Russian (verst)=1066 m. 

The surface size of countries is given in square miles or square metres, 
generally in square kilometrea 

The scale of reduction depends upon the kind of map that is to be 
constructed We observe the following divisions : — 

1. Plans and field maps; scale varying from 1 :500 to 1 : 10,000 for 

' The knot is more correctly the unit of vdoeUy in na?igatiou, xm, a vdoeUy of one mile 
(nAQtical) per hour, but the term is often inaccuntely used for a distance. 
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oflBcial mapB, technical plans for river regulations, road and railway con- 
struction, etc. Scales varying from 1 : 2000 to 1 : 5000 are the most 
generally used. 

2. Topographical special maps; scale 1 : 10,000 to 1 : 200,000. 

3. Ocographkal maps ; survey maps } scale 1 : 200,000 to the very 
smallest scale of reduction. 

This scale classification, however, must not be taken too strictly, 
because a map constructed on a medium scale may be either a general oi 
a special map, according to its contents. 

In sea-maps (charts) the following divisions have to be noted : — 

1. Coast or spedal maps (scales varying from 1 : 10,000 to 1 : 30,000), 
used in sailing along the coast^ through straits, and the entrances of bays, 
river-mouths, and harbours. 

2. Sailing or course maps^ for ordinary use during the voyage, more 
especially indicating the geographical position and the course. The.scale 
for these charts should be so constructed that minutes can easily be read 
off on both scales for latitude as for longitude. 

3. General or survey charts^ for taking general bearings on long ocean 
voyages. The scale varies from 1 : 800,000 to .1 : 1,000,000. 

Classification of Maps 
(c) Acc<frding to their Destination 

Modem cartography enters so minutely into all details of figurative 
representation that it is somewhat difficult to bring all cartographical 
productions, as far as their object or contents are concerned, undei 
some definite head. We therefore confine ourselves to specifying th( 
principal groups. 

1. Geographical maps in general purport to give a faithful representa 
tion of the earth's surface or a portion of it, with all the details necessar] 
to impart a general knowledge of the area, or to serve some special object 
of orientation, as far as this can be done within the narrow limits of th< 
reduced proportion. 
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2. Oeneral physical maps have for their object to represent the general 
physical conditions, or the particular physical condition of a given area, to 
the neglect of all other details foreign to this one special object Under 
this head we distinguish : — 

(a) Oeognostie and geologieal mapSj illustrating the structure of the 
earth's crusty the different rocks of which it is composed, and their bearing 
upon the formation of the periods in the history of the earth. 

(() Hydrographieal maps represent waters of all kinds — ^rivers, streams, 
brooks, canals, lakes, ponds, etc. — stating the velocity and navigableness 
of the respective waterways, depths of lakes, etc., giving the currents, 
bridges, and ferries. 

(e) Orographieal or mauniam maps are chiefly intended to represent the 
inequalities of the soil They show the distribution of mountains and 
their bearings, and give heights, and positions of saddles, ridges, and 
passecf. 

S. Oeneral biological maps view the earth as the abode of human, animal, 
and vegetable life. According as they depict the distribution of the 
different families of mankind, of the animal or of the vegetable kingdom, 
they are distinguished as ethnographical, zoological, or botanical maps. The 
first-named form the more numerous and important subdivision; they 
show the distribution of mankind into groups and races, the various lan- 
guages, nations, manners and customs, religious views, speech, diseases, etc. 

4. Political maps depict the distribution of administrative power over 
the earth, and its different governments. If they treat of the conditions 
of past periods, they are called historical maps, 

5. Commercial or route maps are those representing the natural and 
artificial routes and means of transport for communication and commerce. 
On the general route maps all the means of communication of certain tracts 
of land or of states are given in broad, though accurate, outline, to the 
neglect of the smaller detaila Special route maps, such as railway, road, 
telegraph, postal, and navigation maps, give all details, such as stations 
and stopping-places, distances, milestones, stations for relays of horses, 
changing-places, etc The navigation maps of more modem construction 
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(for instance^ Chatelain's map of the world) show the flags of ateamers 
of the different lines, and also mention how many voyages are made per 
month or per week. To this class of map belong the recently introduced 
iaodironieal maps^ specially important for economical necessities. They 
show which places can be reached within a certain time from some given 
centre. Nautieal ravte tnaps^ also a special kind of route map, give in 
differently coloured lines the tracks of vessels suitable for different seasons 
of the year. 

6. StatigHcal maps iUustrate the individual distribution of the human 
race (maps of density of population), also the conditions under which the 
people live from the point of view of political economy, their occupations! 
industries, trade, and agriculture (economico-geographical maps). 

7. The series of ^pedal fhyncal maps^ treating more particularly of the 
earth's atmospheric phenomena, is too extensive to enumerate. Amongst 
the more important we mention magnetic maps^ showing the distributioi 
of magnetism over the earth ; meUarological maps^ representing the distri 
bution of temperature, moisture, and motion in the atmosphere ; dima 
Mogical maps^ showing the distribution of climatic differences resultini 
from the combmation of these various factors; oceanohgieal maps^ illue 
trating the relative temperature, gravity, and motion in the differen 
oceanic regions, etc. The important group of maritime charts (sea-maps 
should also again be mentioned under this category. 

In all maps which, like the last-named groups, serve some particula 
purpose, the special object to be illustrated is given in coloured patchc 
or lines connecting the points of equal intensity of the phenomenon. 

The maps here enumerated can finally be classified as hand maps c 
school maps. Hand maps are for the more advanced study of the subjec 
and for business purposes. School maps differ from hand maps, in thi 
they are of more convenient size, and that their contents are suitabl 
limited and arranged, no matter whether they form part of a school atli 
for the scholar's use, or whether they are wall maps for general scho 
use. We also distinguish hand ailases and school aliases. 
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Grafhio Refressmtation of the Condition of the Soil, 
Altitudes, Era 

1. PrqjecHon of Position 

The science of cartography has taught us several methods by which 
we can represent countries on a plane surface. According to one or 
another projection we construct a network, and mark on it the different 
points in their geographical longitudes and latitudes. These points may be 
towns, villages, or hamlets ; to mark a river, a boundary line, a mountain 
chain, or a coast-line, we imagine the curved line under consideration cut 
up into a polygonal line of different lengdis, in proportion to the scale 
of the map, and transfer the same on to the paper, according to the 
longitude and latitude of their extreme points. 

Geographical maps in general are expected to give a correct idea of 
the nature of the soil, and to contain the objects of chief interest regard- 
ing habitability, cultivation, and communication. In general maps it may 
be necessary, both from want of space and for the sake of clearness and 
legibility, to omit many details, such as isolated houses, small brooks, 
land or forest paths, etc. In such cases the individual character is lost in 
the general tjrpe or characteristic representation at large. 

This is especially the case in geographical maps reduced to more 
than one -millionth in scale. The original pattern is gradually super- 
seded by a mere symbolisation of its topographical and geographical 
elements. Places of habitation are only indicated by special marks. 
Hamlets and small places are omitted altogether in thickly populated 
districts, also any less important roads, agricultural and other particulars, 
so that land-maps on a very small scale are merely abstract representations 
giving a general idea of the whole, its contours and its size. 

Sometimes, if the object of the map requires it, certain small items of 
importance, which could not be brought within the scale of reduction, are 
represented disproportionately large. For instance, in a route map a 
first-ckss road would be a very important element^ but the scale of the 
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map might not permit it to be safficiently conspicuoos if drawn in ita trae 
proportion; in such cases the object in question may be drawn out of 
proportion (indicating scale of enlargement), so as to draw attention to it 

Objects, the groond-plan of which cannot be faithfully represented, 
are indicated by certain signs, as much as possible in keeping with the 
original purpose. Such signs are called signatures or eon/oentkmal signs. 
For the sake of clearness, such signs are inscribed in colours, figures, oi 
special lettering. If colours are used, the following rules are usuallj 
observed : — 

Water is washed out in dark blue, and sketched in in light blue 
Objects of stone are red ; wood or clay, black ; pasture ground, heaths, 
meadows, gardens, bluish-green; woodlands, pale black; brushwood^ 
yellowish-grey; yineyards, yellowish-red; rocks and boulders, reddish 
brown. Footpaths, border paths, and ordinary high roads, provided the} 
form principal roads of communication, are given in chrome yellow 
Bogs and swamps are blue. Arable land, used as pasture land while lyin( 
fallow, or used alternately as such, remains white. The signatures an 
the same throughout; they only differ in scale, and according to th< 
special object of the map. 

These simple signs have only lately come into general use, although 
to a certain extent, natural objects were symbolised on all ancient carto 
graphical productions. On the Roman route maps {Itintraria pida 
mountains were represented in the ordinary hill fashion, streams by thicl 
curved lines, roads by thin straight lines. These latter were marked ol 
in numbers, denoting the distance from place to place in stadia; th 
names of the roads were also inscribed along them. Large forests wer 
indicated by trees ; towns and encampments by single houses. The oldee 
specimen of this kind of map, being at the same time the chief monumen 
of ancient cartography preserved to us, is the so-called Pentinger Tabl 
(Fig. 73), discovered by Conrad Geltes in the beginning of the sixteent 
century, and then in the possession of the Pentinger family. This ma 
was first made known in 1591 by Wolfgang Welser, and republished i 
1598 by Ortelius. The original drawing, on twelve sheets of parchmen' 
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now preserved in the Royal Library at Vienna, dates from the thirteent! 
century, and is said to be conatructed from third-century directions. 

The world maps of the Middle Ages are very scantily furnished wit 
symbols. Their object was not so much to define the position of placet 
as to determine and illustrate the general configuration. Hence thei 
is a great lack of topc^graphical detail, and all the more room for loci 
picture-designs of buildings, churches, historical or mythical event 
fabulous animals and monsters. The most interesting specimen of such 
world map is the so-called &bstorfer map^ constructed about 1270 i 
the neighbourhood of Liineburg. 

As late as the end of the sixteenth century, it was customary to decora 
maps in the most grotesque manner, especially the maps of Asia, Afric 
and America, of which continents but little reliable information was 
be had) and the empty spaces were filled in by anything the artist wishi 
to give special prominence to. Thus towns, fortresses, and castles we 
represented by miniature towns, fortresses, and castles. Pictures of trees- 
f or instance, three or four large palms or cocoa-nut trees— characterised i 
vegetation. Banners or flags in the middle of a country, or pictures 
sovereigns on their thrones, illustrated the reigning power. Hum 
figures, on a somewhat large scale, depicted the distribution of t 
different human races, and pictures of animals indicated the wonder! 
fauna of the difierent lands. The map of Juan de la Cosa (1500) is ov 
loaded with such illustrations, as shown in Fig. 74, which represei 
Africa. Sebastian Martin, in his map of Africa (1544), distinguishes t 
different kingdoms rather by sceptres and crowns ; we still find here a 
there trees with parrots in them, and in the neighbourhood of Gape Colo 
a large elephant ; a one-eyed monster, placed near the Cameroons, is 1 
representative of the Monoculi of the Middle Ages ; but in spite of th< 
remains of the old-world pictorial decorations, we can see in these maps 
the sixteenth century the dawn of the reform of cartography and of i 
modem style of topographic drawing. 

The map of Bavaria by Philip Apian is the topographical masterpi 
of the sixteenth century ; it is a woodcut in twenty-four plates (156 
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On this map, imperial cities, bishoprics, monasteries, towns, villages, as 
also the positions of looking-glass factories, glass-works, salt-works, mines,- 
and medicinal springs, etc., are indicated by special signs ; even the admin- 
istrative and judicial districts are marked. Another excellent map of 




FiQ. 74.— Mapp* Mandi of Juan de U Com. 

this description, a worthy counterpart of that of Apian, is the map of 
Prussia by C. Hennenberger (1576). On it the coast-lines and systems 
of irrigation are carefully noted ; distinction is made between trees with 
foliage and firs ; towns, fortresses, castles, villages, mills, etc., each have 
their distinctive mark. 
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Other topographical geographers of this period are Matthew Oede 
A F. Ziimer, M. Helwig, Humphrey LhuydB, etc Bat the old methc 
of drastic representation still found favour, and was more especially ua 
for constructing toiuists' maps in bird's-eye view. A good specimen 
this style is the map of Meissen and Thuringia by Job Magdebuig. Tl 
whole map is covered with bright colours. Green woods, brown mou 
tains and rocks» blue water, and red roofs, all are seen in bird's-e 
view. Single mountains can almost be recognised by their shape. 

This method of bird's-eye-view projection has come into fashion age 
lately. It has the great advantage of representing not only the contoi 
of a landscape, but also all its minor details as they really are. But 
is evident that it can only be applied to small areas, for those parts 
the landscape which lie at a distance from the point of observation beco] 
necessarily disproportionately contracted. This difficulty can to so: 
extent be removed by taking surveys from several different points 
view, and piecing these different projections together. 

In the seventeenth century the improvements made in triangulation s 
brought topographical representation a considerable step forward. W 
the eighteenth century b^ins the period of geodetico-topographical la 
surveying, which has now become so universal that almost all Europ 
states possess good topographical maps. 

2. Unevenness of the Sail SeaAevd. 

So far we have only considered the projection of points with 
regard to their third dimension, height All objects on the surface 
the earth, which fall within the range of representation on a map, h 
bulk, Le. they have length, breadth, and height The height 
elevation of an object cannot directly be indicated on a map, but w( 
so approximately by marking in our projection the point where a plu 
line would touch the ground, if let down from the top of the eleva' 
which we wish to determine. 

When we say that the earth has the form of a globe, we do not i 
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account of any elevations or depressions on its surface, because the height 
of the highest mountains is immeasurably small compared with the semi- 
diameter of the earth. Now although this is true enough, the fact also 
remains that we dwellers on the earth have constantly to reckon with the 
unevennesses of the soil ; we cannot even take a walk without noticing 
whether the road is level or hilly. All heights are determined in relation 
to some level surface ; on the globe, however, they are determined with 
regard to a spherical level of a certain semi-diameter, which must remain 
unaltered. It is, moreover, necessary that portions of this ideal globe 
should be actually visible and accessible from as many points as pos- 
sible of the actual globe. All these requirements are met with only in 
the sea-leveL 

As the different parts of the ocean are connected, their surfaces, 
according to hydrostatic laws, should all be at the same level, or rather 
the sea should form an imaginary level globular surface round the earth. 
The sea, in fact^ ought to have the same level everywhere; but this is not 
the case, because centrifugal force and the uneven distribution of solid 
mass over the surface of the earth disturb this proportion. We there- 
fore agree to accept a mean level. 

The ideal spherical surface, with regard to which all elevations are 
to be determined, is to be found in the mean sea-leveL We therefore 
say the absolvie height of a place or of a point is its vertical elevation 
above the mean level of the sea. But height is often determined with 
regard to some other level; for instance, the height of a mountain is 
measured in relation to the level ground upon which it rises. This is 
called its rdative height. When several points have the same absolute 
height, we say that they lie on the same level 

We have seen that no projection of a sphere can be absolutely correct 
in its horizontal dimensions, and it is equally impossible to represent 
the true form of nature correctly, even on topographical maps of a 
sufficiently large scale to allow room for specifying the characteristic 
individuality of different heights. Just as the earth can only be correctly 
represented on a globe, to answer all requirements of conformity in area 
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and angle, so the model is the only representation which can claim to be 
absolutely correct in all its proportions. 

The art of mountain-drawing has dereloped very slowly and gradually. 
In olden times people were satisfied to show the position of mountains on 
the map by so-called indeniaUans (Fig. 75). In the first edition of 
Ptolemy's work, the high mountain ranges are thus 
indicated Later on another methgd was resorted to^ 
by which mountains were represented as rows of little 
Fia. 75. hillocka This method was in use till the banning of 

the last century, when gradually other ways of representing heights were 
invented, so as to make their altitudes on the map more in conformity 
with their natural proportions. 

Belief maps were first originated in Switzerland, where the mountain- 
ous nature of the ground seemed to make this form of representation 
almost an absolute necessity. 

The first relief map was made in wax by General F. Xu Pfyffer (1766- 
1785). Paste, plaster, and clay can also be used with advantage. 



3. Mdhod of HarizorUal SedionrLines 

We will assume that we have to represent in horizontal projection two 
cones, A' and F (Fig. 76), which have equal bases, but are of different 
altitudes. These cones we suppose to be mountains. The horizontal 
circumferences of the two bodies will be two circles A and £, with equal 
radii ; but wo cannot learn from this projection which is the higher of 
the two. Suppose, however, we mark off each cone in equidistant sections 
m'n = m''n''y we shall find that the higher cone contains more sections 
than the lower one, in our case A' has seven sections and B only 
four. We further imagine lines drawn through the points of division 
and parallel to the plane of the base, thus cutting the conical surface into 
circular planes. The horizontal projection of these circles will be found 
with the help of the projecting vertical line a'^^ d^^ ... to form a 
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system of concentric circles, their common centre being at the projection 
of the top of the cone. 

Now if we examine the relative horizontal projections A and B^ we 
notice that the higher cone has more concentric circles than the lower 
one, and as they are distributed over areas of the same size, the circles 
in the case of the higher cone lie closer together than in the other. 
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The first principle, therefore, in determining heights is this: the 
greater the number of concentric circles, and the closer they lie together, 
the greater must be the elevation of the body. We can go further than 
this, and contrive to read off the elevation of the two given bodies above 
the plane directly from the horizontal projection. We assume that 
fnV equals 5 metres (actual length) ; we count the concentric circles, 
and thus easQy determine the height of any given point above the 
plane XY. In our cone A A' we count seven concentric circles — for 
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the point representing the projection of the vertex may also be 
reckoned as a circle ; hence the height of S^ equak 5 X 7 m. «= 35 m. And 
if the elevation of the base A has been determined — ^is, for instance, 
800 metres — then the absolute height of the point 8^=^800 m. 
+35 m. = 835 ; in other words, S^ lies 835 m. above the sea-leveL 

Upon this principle rests the method of land-surveying by means of 
horizontal section-lines. In horizontal section projection, also known as 
section projection^ we imagine a given body on the plane to be intersected 
by a certain number of equidistant horizontal planes. On the surface of 
this body we determine the boundary lines of the horizontal planes, 
and thus obtain a series of lines, called indifferently horizontals^ horizontal 
lines of intersection, curves of level, or simply section-lines. Each 
portion of the body thus contained between two horizontal planes is 
called a section; for instance, (^'j^'i^'fi'i (^^' ^^) ^ * section. The 
perpendicular distance between two horizontal planes, as m'ti^a'^/, is 
called the elevation of a section. The side surfaces of the sections, or the 
conical configuration, are called the faces or inclines. The area con- 
tained between two neighbouring lines in horizontal projection is called 
the belt of intersection. 

In Fig. 76 the vertical plane (^\s\b\ passing through the axis of the 
cone represents the vertical projection of a section of our imaginary 
mountain. This is called a profile. To represent the hbrizontal projection 
of a circular body, one profile suffices. But a cone might be of different 
structure at the back, ie. at the side not visible on the plan ; in that case 
A would be no longer the true horizontal projection of A\ Seen from 
another side, the body in question might look as in Fig. 77. The upper 
diagram would then represent the profile of A\ assuming a plane to pass 
through s\m' perpendicular to the vertical plane. When we divide this 
body into sections, and project these on to the horizontal plane, we get ^ 
totally different figure. One profile, therefore, is not sufficient to repre- 
sent the true shape of an object When dealing with an irregularly 
shaped body, we have to take several profiles, and represent the horizontal 
projections of all of them. If, for instance, the unevenness ABC (Fig. 78) 
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18 given, the first thing to do is to draw and project horizontally the 
section-lines m'p\ nY, oV. The horijsontal projection of the profile 
A'FC is the line AC. Projecting points m\ n\ o\ /, j', r', we get points 
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HI) 11, 0, p, g, r ; these points, however, are not sufficient in themselves to 
describe the carves of level ; other profiles are required besides. We imagine 
a plane passing through BU^ perpendicular to the vertical plane (or 
elevation) ; the horizontal projection (plan) of this profile will be DJ)^. 
Let U^HrU^ be the profile (Fig. 78). We project the points of inter- 
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section of this profile on the horizontal plane by ^'^fl'^ VJ/^ d^^ and 
find in the horizontal projection on the line D^D^ the corresponding 
points a^, \, c^, e^ b^ a^ We take another profile, its horizontal projee- 
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tion being EF^ and obtain in like manner points s^, Z^, g^^ A^, m^, t^. It is 
necessary to draw and project as many profiles as we need points in the 
horizontal projection, which, being joined together, will suffice to repre- 
sent the elevations in different points and in different positions^ or, in 
other words, until the curves of equal level have been suffidenily 
determined. 
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The small triangles A'm'a\ m'n'ff^ etc., are called profile triangles; 
fn!a' or n'ff is the section elevation ; A'a! or m'p is the base-line ; A'm' or 
fnV is the slope, and ^dAtii or ffnivt is the angle of inclination. 
Given two sides of a profile triangle, the third can be found by calculation 
or construction. 

The construction of the curves of equal level is quite simple in 
practice. In land-surveying we determine not only the opposite position 
of points with regard to the horizontal, but we also measure the eleva- 
tion above sea-level of some prominent objects, in order to determine 
the altitude of other points in relation to these. Given the difference 
of elevation of these points, and the absolute height of a few standard 
points, the absolute height of all points can be determined, and the figures 
thus obtained can be transferred on to our plan. By connecting all 
points of the same altitude, we obtain the section-lines. 

In measuring altitudes the choice of stations is of the utmost impor- 
tance. On evenly inclined (sloping) ground it is sufficient to determine 
the altitude of three points not lying in a straight line, because a plane is 
determined by three points not lying in a straight Una But when the 
inclination (slope) is variable, more measurements are required. The line 
in which an evenly sloping plane intersects a plane of variable slope is 
called the fault-Una By this fault-line it is necessary to take a greater 
number of measurements. Besides the fault-lines, there are the Itnes of 
ffreaied indinaUan towards the horizontal plane. These are also of im- 
portanca They are determined by the direction of running water. Where 
the ground curves evenly, and no regular fault-lines occur, points of eleva- 
tion have to be determined along the line of greatest inclination. 

If we simply connected the points of equal elevation by section-lines, 
the corresponding absolute height of every section-line would have to 
be inscribed on it, and this should be avoided. Instead of this we mark 
the absolute height of a few points, and note the section-lines for certain 
different sea-levels, ie. for certain elevations. For instance, beginning at 
the top of some given mountain, we first connect by horizontals all points 
at 10 metres lower down, then those at 20, 30, etc. Then let n be the 
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number of Boction-lines between two stationa, h the sectional elevation, 
H the abflolute height of the one, H^ the abeolute height of the othei 
point, we get 

fl, = J5r+n*aftd8oA=-i-=. 
* n 

Example 1. Supposing we are at station A^ which is 540 metres high 
and want to go to £. Between A and B there are twelve horicontal 
(section-lines) ; the difference of level for each section line is 10 metres 
What is the height of J9t 

Answer. 540 + 12 x 10^660 metres. 

Exan^ 2. Between A and B we count twelve section-lines. A 
point A on the map we find marked 540 metres, at £, 660 metres. Wha 
is the sectional elevation of the map t 

J - 660-540 ,^ ^ 
Answer. h = r^ = 10 metres. 

As a rule, the sectional elevation is marked on the map ; if not, it i 
easily determined by applying Example 2, by counting the section-line 
between two given points, whose absolute elevation is known. 

To determine the height of a point which does not lie directiy on . 

section-line, we draw a line of greatest inclination through this poini 

This line must cut the two nearest section-lines at righ 

J^ \ angles. We then estimate the distance of the point i 

question from the nearest section -line in segments c 

-4..a_fM, sectional elevation, and add the segment of section! 

elevation to the height of the lower section-line. Fo 

instance, if we want to know the height of the point 

Fio. 79. ^p.g ygj^ situated between the horizontals 300 and 32( 

we draw the line zu perpendicular to these two section-lines, and fin 

that zx is about =\zu. Now as 2;ub 20, the required height of x is 

300 + J X 20 = 5 = 305 metres. 
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It is often necessary to know the angle of inclination (dip), i.e, the 
degree of the slope of the ground towards the horizon. We take the 
triangle of inclination A'm'a! (Fig. 78), in which, because of the smallness 
of the area, the line A'm' may be supposed to be a straight line, and find that 

, J, , t»V sectional elevation 

tan tnA a = -jn = r^ i • 

A a section plane 

This gives m'A'a' the angle of inclination. 

Let in Fig. 80 oJ be the distance of the section-line on the map, and 
de the sectional elevation ; it follows that 

, cd sectional elevation 

tan doc = — i = ; -^ — — 

ad section plane 

and ^jiac is the angle of inclination. 
Whenever we find marked on a plan that the distance of the section- 
line is equal to the space oi, we know that the ground at that point 
inclines at the angle doc The scale (Fig. 80) for measuring distances is 
based upon this fact To construct the scale of inclination we draw a 
straight line aJ, and with the help of a protractor we draw the other 
linos marked respectively 5, 10, 15, ... up to 65, in such a manner that 




FiQ. 80. 



they are contained within the respective angles with ad of 5*, 10", 15* . . . 
In point a we draw the line ab perpendicular to ad^ and make ah equal to 
the sectional elevation of the scale of the plan. For instance, if the 
sectional elevation is 20 m., and the scale of the plan is 1 : 40,000, ab must 
be made equal to \ millimetre, for 20 metres » 20,000 millimetres. 

From the point h we draw he parallel to ad. The distances of the points 



164 ASTRONOMICAL GEOGRAPHY 

of intersection 5, 10, 15, ... on ( mark the distances between the 
consecative surfaces of level, corresponding with the angles of inclination 
5*, 10^ 15* respectively. For instance, take any distance bm : 

mn sectional elevation 

tan man s= — = -i = ; 

an section plane 

hence ^man s angle of inclination. 

To determine the inclination of any given point on the map, yon 
measure (with the compasses) the distance between the two nearest 
section-lines. One point of the compasses is placed on ( of the scale, anc 
at the place where the other point touches the line be we read off th< 
inclination. Should the required distance not coincide with any of th< 
distances set off in the scale, its angle is estimated as nearly as possible. 

Very small distances are difficult to work with ; we therefore tak 
for ab a larger figure — for instance, 10 mm., as in our diagram. W 
divide ab into ten equal parts, and through the points of division we drai 
lines parallel to the line ad. The triangles apq and abe being equal, w 
find that 

abiaq^bc :pq. 

Hence if ab'^n xap,bc must also be —n xpq. Should the proportic 
of sectional elevation be too small, because of the scale of the map, v 
take the sectional distance between the compasses and place the compa 
points on the horizontal points of the scale, which correspond with tl 
respective multiples in the same proportion. This scale can be applii 
to any kind of map. 

In the same manner as elevations on land are determined by mea 
of section-lines, the depths of the sea can also be measured, by connecti 
points of equal depth below the mean level of the sea. Lines of eqi 
depth are called isobaihes, 

Isobathes are properly speaking the elder sisters in this family of curv 
for they were used before the %sohyp$eSy or lines of equal elevation, first 
the Dutch engineer Nicolas Samuel Cruquius (1678-1754), who in If 
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drew the plan of the bed of the Merwede in lines of equal depth, and after 
him by Philip Bnacho, who represented the depth of the English Channel 
in isobathes. This chart was finished in 1737, and published in 1752 by 
the French Academy. On it the lines of equal depth are marked at 
intervals (10 fathoms). In the course of the following decade isohypses 
(lines of equal elevation) developed out of isobathes. The French engineer 
Millet de Mureau appears to have been the first who since 1748 marked 
elevations in his military plan& In 1749 he published a treatise in which 
he proposed to express the unevennesses of the ground by parallel lines 
with numbers of altitude. But it was not until 1771 that the French 
engineer du Carla hud a paper before the Academy of Sciences at 
Paris, accompanied by a plan of an imaginary island with horizontal 
lines, of which every tenth line was drawn thicker than the others. The 
editor of this treatise, Dupain-Triel, published in 1791 the first actual 
map of France containing the lines of equal elevation, with accompanying 
text and profiles. 

The advantages of representing surfaces by section-lines are as 
follows. One can see at a glance (Fig. 81) if one point is hi^er than 
another, and how much; one also recognises at once points of equal 
height; and, moreover, it helps one to survey more eaeily the general 
structure of the territory. If the lines of equal elevation are fairly 
circular the rise is uniform on all sides. If the territory is a long- 
extended chain with a straight ridge of uniform heights, the ridge -line 
will appear in the drawing with parallel section-lines on either side of it^ 
inclining towards it. If the section-lines curve towards the mountain, 
this indicates that there is a cavity at that point ; if they curve away 
from the mountain, this indicates the existence of a headland at that spot 
If the isohypses or lines of equal elevation are very close together, the 
ground is steep, and the steeper, the closer they lie together. If the 
section-lines are equidistant from one another, the inclination is constant^ 
but if the distances increase from bottom to top, the inclination is convex ; 
in the opposite case it is concave. 
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4. To represent Comparative Heights by Colouring and Shading 

Maps with section-lines are convenient enough for reading off heights, 
but the process is rather elaborate, and it does not assist the appear- 
ance of the plan, nor does it help the surveying, when the ground has 
only a gentle slope. In order to gain these advantages, it has been pro- 
posed to represent the several altitudes by colouring or shading. 
Colouring is certainly the simpler method. The sectional elevations are 
coloured differently, and the tints are of increasing depth, whether they 
be shades of one colour, or entirely different colours. This method is 
applied with advantage in survey-plans on not too large a scale, say 
1 : 100,000 to 1 : 1,000,000. The Austrian General Franz von Hauslab 
insisted that this principle should be followed, the higher the darker; 
whereby the darker shades remain confined to the small space of the 
high land, while the much-<;ultivated low land, which necessarily must 
contain more topographical information, remains clear and legible. 
Sydow favoured the opposite system ; he began with the dark colours on 
the plane and graduated them up to white in the highest regions. 

Another method to obtain clearness is the so-called washing operation. 
This method is based on the principle that the perpendicular rays of the sun 
send their full light upon the horizontal planes, but that sloping surfaces 
receive less light, in proportion to the angle of their inclination to the 
horizon. According to this principle, therefore, the portions of the map 
indicating a greater angle of inclination are kept darker. The washing 
process itself is the putting on with the brush of a brown or green tint, 
which is washed out towards the regions of smaller inclination and is 
intensified in steeper places. A well-drawn map of this kind is very 
effective, and brings out well the places of smaller or greater inclination. 
It is a favourite method for military and tourist plans. 

In close connection with this method was the idea of expressing the 
configuration of the ground by so-called intermediate isohypses or 
horizontal lines, applied in the Norwegian oflBcial plans of scale 
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1 : 200,000. In this method the space between any two section-lines is 
divided, say, into ten parts, and through the points of division more 
section-lines — intermediate isohypses — are drawn; the higher the ground 
the closer these lines will lie together, because the spaces between the 
section-lines are smaller in proportion to the elevation of the ground. The 
effect of this method of representation is similar to the impression made 
by a coloured section-map, for as the intermediate section-lines lie so 
much closer together in the steeper places, they necessarily appear 
darker. This effect can be heightened by drawing the lines darker 
in the steeper places. But plans constructed after this method, besides 
having other disadvantages, can never be so clear and legible as the 
other methods described, and they have therefore never found much 
favour. 

The vertiedmne method of J. O. Lehmann (1765-1811) is the one most 
generally adopted. In this method also the sun is supposed to stand right 
above the region under projection; the light therefore falls perpendicularly, 
and the inclined planes receive more or less light in proportion to their 
less or greater angle of inclination towards the horizon. The shades 
are introduced by lines drawn in the direction of the greatest dip 
(or greatest inclination) towards the horizontal plane, ie. in the 
direction of running water; and there must always be a certain 
number of lines within a given space. The width of the lines and 
their accompanying spaces have a special proportion for every in- 
clination. By weighing these different proportions the topographer 
is enabled to express the angle of inclination of any given sui&ce, 
and the map-reader finds it by estimation. Ground-plans of more 
than 45** inclination are seldom represented by this method, because 
such angles do not often occur, and then only in rocks, which are as a 
rule impassable and useless for military or agricultural operations. The 
shading process introduced by Lehmann demands that the proportion of 
white and black over a certain space shall be, for n degrees of indination, 
as (45 - n) : Ik For the sake of clearness he accepted nme gradations of 
shade, for angles of 5", 10", 15', 20", 25", 30*, 35', 40", 45*. For instance, 
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if the inclination is 30^ the white space (W) must be in proportion to the 
linear width (L) as : 

W:L = (45 -30): 30= 16: 30 = 1:2. 

Over a space of 9 mm. the linear width therefore should be 6 mm. 
linear pnu^fortian ^f^JbMinBMton. 




Fio. 82.— Scale of Slope. 
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and the white space between 3 mm. Adapting the above formula for the 
proportion of all inclinations, we construct the following scale : — 
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of IdcL to hor. 


W:L 


Angle of IncL io hor. 


W:L 


S"* 


8:1 


80' 


8:6 


10* 


7:2 


86- 


2:7 


16" 


6:8 


40" 


1 :8 


20* 


6:4 


46" 


0:9 


26' 


4:6 







According to these figures, for inclinations rising by 5 degrees the 
linear width increases one space each time, and the white between 
decreases one space. The numbers of the scale can easily be remembered 
when we keep in mind that the sum of linear width and white space 
between must always be 9. Linear width equals the fifth part of the 
numbers representing the degree of inclination, and the white space 
equals the difierence between the quotient and 9. For instance, to find 

the proportion for 15 degrees inclination, we say -^"=3; the number 3 

indicates the number of spaces to be occupied by linear width, and the 
difiference, 9-3 = 6, shows the number of spaces that must be left white. 

The linear scale is the A B C f or the reading ofi* of maps. 

Many attempts have been made to improve Lehmann's system, with a 
view to simplifying the surveying of territory for military purpos6& 

In 1821 General Muffling introduced dotted, wavy, and alternating 
thick and thin lines (Figs. 81 5 and 83). The general staff map of 
Germany, scale 1 : 100,000, is based upon the combined scales of Lehmann 
and Muffling. For level districts one degree has been added for l"* 
inclination. Bavaria and Austro-Hungary, with a view to their high 
mountain districts, have their scales augmented respectively by 60** and 80"*. 

For Bavaria the scale is determined by the formula W : L -» (60 - n) : ih 
5 being deducted from all figures arrived at. For Austro-Hungary the 
formula is: W:L = [80-(n+3)]:(n+3). Upon these two formul» the 
following scales are constructed : — 



ForBaTAria. 
W:L 


ForAuatriA. 
W:L 


6* 11: 1 
10" 10: 2 
16" 9:8 
20" 8: 4 


72: 8 
67:18 
62:18 
67:23 
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FbrBantfU. 


ForAostrU. 




W:L 


W:L 


25- 


7: 6 


62:28 


80* 


6: 6 


47:38 


86* 


6: 7 


42 : 88 


40' 


4: 8 


87:48 


46* 


8: 9 


82:48 


60' 


2:10 


27 : 68 


W 


1:11 


22:68 


60* 


0:13 


17:68 


66- 


.,, 


12:68 


70- 




7:78 


76* 




2:78 


IT 




0:80 



Muffling proposed to construct all scales upon the decimal system, but 
this idea has not yet been carried out 

So far we have only dealt with the relative proportion of linear and 
blank spacea We must now determine the absolute width of the linear 
space. The underlying principle is, that the smaUer the scale of the map, 
the smaller the width of linear and blank spaces, and consequently the 
greater the number of lines to the centimetre. 

Linear length is determined by the angle of inclination ; the smaller 
the angle, the longer the length. Let in Fig. 84, a, 6, c, ({,6 be the 
section-linee ; the angle of inclination for the distance 
ab marked on the scale of inclination must be equal 
to the angle at which the linear width has been 
entered. Hence we have the following rule: 
Linears must reach from one to another of the 
imaginary section-lines drawn on the plan. 

Therefore, to draw these lines on a map, the 
•ection-linee must first be drawn in pencil, then the 
linears are put in stretching from line to line, and when these are all 
entered the section-linee are rubbed out The linear method is thus 
based on the section system, because the linears must stand in the 
direction of greatest inclination towards the horizontal plane, and there- 
fore be perpendicular to the section-lines. 

We can only shortly refer to the linear method applied to oblique 
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illumination as practised formerly, especially in France and Italy. 
The Lehmann principle is followed, but the rays of the sun are sup- 
posed not to come down perpendicularly but at an angle of 45* north-west 
inclination, so that the length of a shadow depends not merely on the 
inclination, but also on the bearings of the territory under projection. As, 
however, it is generally desirable that horizontal planes should remain 
white, but that slopes inclining towards the north-west at 45*" should not 
be left quite white on the map, this method involved so many ezceptiofHf 
more or less dependent upon the discretion of the designer, that the correct- 
ness of the projection became somewhat questionable. This method was 
therefore abandoned, until Dufour once again employed it for his 
map of Switzerland, scale 1 : 100,000 ; the most perfect piece of carto- 
graphical work in existence. It must^ however, not be forgotten that the 
effect of this masterpiece has been obtained at the cost of two serious 
errors. The mountain slopes facing south and east appear steeper than 
those facing north and west^ and the naturally sunny slopes with southern 
and eastern aspect present a gloomy, dismal appearance, while the really 
shady northern and western slopes appear dear and bright Of late years 
(1878) the linear method with oblique illumination has been thoroughly 
and mathematically examined by H. Wiechel, and there is a future before 
it, for in connection with section-lines it is the best method for Alpine 
orography. 

5. Combination of SecHon-Lines and the Linear Method 

Section maps have the advantage of being easily read, and* the con- 
figurations of the land are easily recognisable when the section-lines are 
not too far apart; but they have the disadvantage that when the section- 
lines are far apart the representation of the land becomes a much more 
serious matter, and that even certain configurations and modifications 
cannot be clearly brought out For the representation of entire countries 
the disadvantages of the section system are even more prominent 

On the other hand, the careful execution and reading of lineated maps 
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is not so easy. For if it is difBcult for the designer to maintain the exact 
proportion of linear and intermediate blank spaces, with reference to the 
different angles of inclination, it must be for the map-user still more 
difficult to recognise this proportion and the exact inclination of the land. 
But the linear system has this advantage, that it can be applied no matter 
what is the scale of reduction, and that it expresses the smallest forms 
compatible with the scale of reduction with great clearness, and altogether 
produces an intelligible picture. 

Considering the pros and cons of these two methods, it has been 
thought advisable to combine the two, and hence we have the combined 
method of configuration. It consists in entering both section-lines and 
lineation (Fig. 81). The former make the reading easy, the latter produce 
a more correct representation. Linears and horizontals determine their 
relative position themselves, because they can only intersect each other at 
right angles. When entering the linears they should not be extended, 
as on the left side of Fig. 81, from one section-line to another, as with 
the increasing divergence of the linears the (proportion) relation between 
the linear widths and blank spaces alters, and the lineation would therefore 
be incorrect Intermediate section-linee have therefore to be introduced, 
and between these the vertical linears corresponding to their respective 
inclinations are entered, as shown on the right side of Fig. 81. 

This method is objected to because it fills up the maps so, and section- 
lines are often mistaken for lines of cultivation or communication. In 
spite of this drawback, surveying is materially assisted by the introduction 
of principal, intermediate, and auxiliary section -lines. The principal 
section-linee serve to mark (elevations) differences of altitude of from 50 
to 100 metres ; the intermediate section-lines denote differences of altitude 
of from 10 to 20 metres, and the auxiliary section lines refer to equi- 
distances of from 5 to 10 metres. The first are drawn thick and dark, 
the next finer, and the third very fine. The intermediate and auxiliary 
section-lines, moreover, should only be drawn when likely to be legible. 

Fig. 81a gives a representation based on this principle. The vertical 
distances of the principal section-lines are always 20 metres, divided by 
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Abyasinian mountains, latitude of, 44 
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Alpine orography, 162 
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and sixteenth-century cartography, 142 
America, North, survey of, 129 
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Apian, Philip, and sixteenth-century carto- 
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Arbela and ancient geography, 76 
Arctic Ocean and northern exploration, 49 
Argo and horizon of southern Europe, 40 
Aries and earth's orbit, 68, 66, 66 
Asia and azimuthal pro^jection, 127 ; and 

sixteenth-century cartography, 142 
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Atlantic and medisval cartography, 112 
Ailaa Luxoro of Genoa, 112 
AUaa of Mercator, 182 
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Austro-Hungarian Polar expedition, 49 

Austro-Hungary and topography, 160 

Autumn and euth's orUt, 64 
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Azimuthal projection, 181 

Baden and Benzenberg's experiment, 88 
Bavaria and sixteenth-century oartogi^hy, 

142 ; and topography, 160 
Belgian period of Mercator, 117 
Benzenberg, experiment of; 82, 21i 
Berghaus and cartography, 180 
Bernardus Sylvanus and cartography, 114 
Bienewitz, I^ter, and cartography, 116 
Biological maps, 187 
Btrd's-eye-Tiew projection, 144 
Bodies, persistence in, 28 ; connected, and 

motion, 29 
Bonne, projection of, 127 
Bo6tes and horizon of St Petersbmg, 46 
Botanical maps, 187 
Botany and geography, xi 
Bothnia, Qulf of, its latitude, 47 
British geographical mile, 186 
Buache, I%ilip, and cartography, 166 
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graphy, 142 
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Cannon-baUfl and roUtton of euth, SO, SI 
Ganopui and horixon of Southarn Europo, 40 
Cape Colony and aixtoenth- century carto- 
graphy, 142 
Cape Corrientas and latitude, 61 
Cvpe Matapan, horizon of, 40, 41 
Gape of Good Hope and latitude, 61 
Cape Tarifa, horizon of, 40, 41 
Capricorn, tropic oi, 48, 64 
CajMioomns and earth'i orbit, 64-66 
Carla, dn, and topography, 166 
Carthage and ancient geography, 76 
Cartography, 67-181 ; ancient, 76 »eq,, 140 ; 

of Marinas, 80, 82 ; mediAval, 112, 142 ; 

reformation o^ 117 seq, 
Cassiopeia and horizon of Assouan, 41 
Castor and horizon of Tornea, 47 
Cavendish and the torsion balance, 64, 66 
Celestial maps, 182 

Celtes, Conrad, and Ptotinger Table, 140 
Central projection, 108 »eq. 
Chart, mediBTal mariner's. 111 
Charta or medisval maps, 182 
Charts, gnomonic, 110 ; or sea-maps, 188, 

186, 188 
Chatelain, his map of the world, 188 
Circle, intmovable great, 6 ; of vision, 16, 17 
Circles, great and lesser, xix ; principal and 
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Circampolar points and stars, 18 
Claadins Ptolemy and ancient geography, 

77, 80, 82, 86, 90, 108 
Climatological maps, 188 
Coast or special maps, 186 
Codex qfPtoUmjfs Maps, 117 
Oolleetum qf New Maps, of Mercator, 118 
Colouring in topography, 167 
Colours and conventional signs, 140 
Commercial maps, 137 
Compass maps, 110 seq. 
Cone of projection, 88 
Conical projection, 82 se^., 130, 131 
Constellation charts, 182 
Conventional signs, 140 
Co-ordinates, polar, 68 
Corrientes, Cape, and latitude, 61 
Ccnrsica and geography, zii 
Cosa, Juan de la, and sixteenth • century 

cartography, 142, 143 
Coarse or sailhig maps, 186 
Crete and geography, xii 



Cruqnius, Nicolas S., and cartography, 16< 
Culmination of points, 18 
Carves of level and surveying, 148 seq. 
Cylinder projection, Mercator^s, 118 
Cylindrical projections, 77 m;., 180 

Dalmatia and geography, zii 
Day, length of; 11, 12 
Declinatkm and celestial sphere, 6 
DeOection of falling bodies, 82 ; of plum 

line, 66,66 
Delambre and Ptolemy's Qeograpky, 86 
Destination in cartography, 186 
Diocletian and locality, zii 
Diseases, their geographical treatment, zii 
Distances, measurement of^ zv 
Distortion and projections, 180, 181 
Diurnal motion and illusion, 26 
Dominus Nicolaus and Ptolemaic m^M, 1 
Donia, or Dominus Nicolaus, 118 
Dreibrttder shaft and Benzenbeiig's ezpi 

ment, 38 
Dufour and topography, 162 
Duisburg and Mercator's ezile, 117 
Dupain-Triel and topography, 166 

Earth and distances, zv ; and motion, : 
68 aeq, ; its globular form, 16 m 
journey round the, 18 ; and rotation, 
27, 80 aeq, ; and gravity, 87, 88 ; and 
moon, 69, 60 ; in its orbit, 68, 64 
Eclipse of moon, and earth, 17 
Ecliptic, or the sun's path, 21 and m. 
Economico-geographi<»d maps, 188 
Edinbui^gh and northerly latitades, 46 
Elevation in section projection, 148 
England and legal maps, ziii ; and ai 
nomical geography, zv ; and maps, 1) 
English Channel and cartography, 166 
English geographers and meridian, 6 
maps, their scale of reduction, \ 
statute mile, 186 
Equator and parallels, 8, 4 
Equi-areal projection, 124 »eq, 
Equi-areal-azimuthal projection, 126 
Equidistant cylinder projection, 79 ; pi 

tion, 123, 131 
Equinox, vconal, 66 
Eratosthenes and ancient geography, 7( 
Erbstorfer map, 142 
I Ethnographical maps, 187 
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Europe and map-making, iz ; and Napoleon, 
ziii ; and towns and roads, xiw ; horizon of 
soutliem extremity, 40, 41 ; sonth, and 
latitude, 51 ; and medifleval charts, 112; 
and eqni-areal-anmathal projection, 127 

Burope, Mercator's Map </, 117 

European unit of measurement, 185 ; topo- 
graphical maps, 144 

Faces, in section projection, 148 
Fata Morgana and the horizon, 16 
Fault-line and altitudes, 151 
Feudalism and geography, zii 
Field maps and their scale, 185, 136 
Finlius, Orontius, and cartography, 116, 

117 
Flamsteed, projection of, 127 
Foucault, his experiment, 88-85 
Fra Mauro and cartography, 118 
France and feudalism, xii ; and topography, 

155 ; and linear method, 162 
Freiburg and Benzenberg's experiment, 88 
French Academy and cartography, 155 
French geographers and meridian, 5 n. ; and 

equidistant projection, 124 
Frisius, Gemma, and Mercator, 117 

Qemini and horizon of Tomea, 47; and 

earth's revolution, 68 
Qemma Frisius and Mercator, 117 
Qeneral or survey charts, 186 
Genoa, nautical atlas of; 112 
Geodetico-topographioal land-surveying, 144 
Geognoetic maps, 187 
Geographical maps, 186, 189 »eq. 
Geography, its study, ix seq. ; and Germany, 

xiii, xiv 
Geography, Ptolemy's, 77, 80, 82, 85, 108, 

113 
Geological maps, 187 
Geology and geography, x, xl 
Geophysics and geography, x, xiv . 
Gerhard Kremer, or Mercator, 117 
Germany and feudalism, xii ; and legal 

maps, xiii ; and geography, xiii, xiv ; and 

topography, 160 
Globe, revolving, 5 ; induction, 6 and n. 
Globes and sphttrics, xviii 
Globular form of earth, 15 #09. 
Gnomon and ancient geographers, 76 ; and 

central projection, 108 



Gnomonic projection, 108 mq,. 180 ; charts, 
110 

Gravity, seat of, 87, 38 ; iU diminution, 52, 
53 

Great Bear and horizon of Southern Europe, 
40 ; and Assouan, 41 

Greeks and space-relations, xviii ; and map- 
making, 75 ; and maps, 182 

Greenwi^ meridian of, 5 n.; and longitude, 
67, 70 ; and Mercator's maps, 121 

Hamburg and Benzenbeig's experiment, 88 

Hammerfest and latitude, 48, 49 

Hand maps, 188 

Hauslab, Franz von, and topogn^hy, 157 

Heavens and rotation, 26, 27 

Height, absolute and relative, 145 

Helwig, M., and sixteenth -century carto- 
graphy, 144 

Hennenberger, C, and sixteenth -century 
cartography, 148 

Herschel, Sir J., and stereographic projec- 
tion, 102 

Hipparchus and definition of position, 67 ; 
and ancient geography, 76 ; and per- 
spective projection, 90 

Historical maps, 187 

History and geography, xi, xii 

Homalographic projection, 127 

Hondius a^ Mercator's AiUut 118 n. 

Horizon, 5, 6 ; always a circle, 15 

Horizontals and surveying, 148 

Hydrographical maps, 137 

Hydrography, media val, 112 

Illusions, optical, 24 segr. 

Inclination in topography, 158 9eq, 

Inclines in section projection, 148 

Indentations and mountains, 146 

Inertia of bodies, 29 9eq, 

Ireland and geography, xii 

Isobathes and depth, 154, 155 

Isochronical maps, 188 

Isocylindrical projection, 125 

Isohypses and elevation, 154, 155 ; inter- 

medUte, 157, 158 
Istria and geography, xii 
Italian cartography, 112 
Italians and equidistant projection, 128 
Italy and linear method, 162 
Itvneraria picta of Romans, 140 
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JlilCW AiKt cMtofittpliyi 129 

J UAH d6 U (.\iM and aixtoMiUi-century ourto- 

Kf |U«r, ana Man, zri ; hit ** Uwt," zrii 
Kaot or aaQtioal milei 1S5 and ». 
Krtmar, l)«rhaid. or M«roator, 117 

Lak« AlUii Nyaua. boriaon of, 44 

LakeTiaaK iMriaoB ol, 44 

Lak« Ukarawvi, iMriaon of, 44 ; and aovtlMm 

UUlihka. 50 
UmUti, J. U., and map-makti^ 135127; 

and aiinmUud pro^^tion, ISl 
Land^naiw. 133 
Land*«nrrajinc mmI aectlon prqjtetion, 148 

UmJ'$i^<ti or Giwman mapik 132 
laiifnifti^ tMr gvofn^lUoal t raa tii U 

ilii 
Lalil%W and potiUoi^ 4» t ; of a plnoa» 67, 

Iav« of Kof^tr. xtU 

MMMUMk J. iV« and i«Hk«l lta» topofiapkr, 

IMk UV( 1#(V l«i 
Uk«QoiK H«i«k|4r»>r« and tlxliMU<««ntvT 

v^artviien^l^^ 144 
I^V^ a»«l #Ml)kNt «>H4Ih 63-M 
l^t «t» M<ll%.tMi at lM«mii^ H: and 

% wp*r^^ ^^?a#f ^^ 1 wmaMHWvk i w^ ^^^ * s^^p » b^pb 
\jjw^ ^v j*<»M»» « t am^^iMhikNiw IM ! 

^swAw %«J( ^^^\ w*aMaMii t*v Ms. 37: I 

K\\\>ihyi«a» tt»,i <watn3 |vvirfK4»ML )AI^> wU 

nar^tMm. 11& 1;22 
l«MN«dr(MM» a»d 1i«roiA«r. 1^ 
Lo««drMKK mas«. no «^ 134 
IjISmKbtip a»d axKMHl <nit^paflQr; l4i 
tyra and Iwriwn of at IHHai J I r niv ^ J 



Magdebnig, Job, and dxteenth-eentory carlo- 

g»phy, 144 
Ifagnatic mapa, 188 
Mancheftar Mid nortkerly latitudes, 46 
Map-making and Bnn^M, iz'; method o^ 71 

Jif . ; eaiUest attempts, 75 teq, 
M€^ </ i0Mft9M^ Mercator's, 117 
Map i^ the World, Meicator's, 117 
Mofpa or ancient miqps, 182 
MofptL sMNuii of the Middle Ages, 112 
Miqps, their nature, ix, z, zii, xiii ; qnadri- 

lateral, 80 ; and oentrsl projection, 104 ; 

lozodiomio^or onnpass, 110 aegf. ; Meroator, 

119 «y.; nantioal, 122,128 ; star-shaped, 

129 ; olsssiftestton of, 182 atf.; and scale 

of reduction, 188 $tq, ; and measurement, 

185 
Mariner's diait, medinral. 111 
Maiinns, geogrspher, 80, 82 
Maritime charts, 188 
Mars and Kqpler, zvi 
Martin, Sebastian, and sixteenth - csntaiy 

cartogimphy, 142 
Matapan, Oape^ horiion oi; 40, 41 
Mathematical geography, xr $eq, 
Maaro* Fra, and cartoi^mphy, 118 
Mean dislanos and cartography, 180 ; kral 

ofsaa»145 
Miummiat, nnit oi; 185 
MeMnres and straight lines, XTii, zYiU 
Medterral aMriner*s diait, 111 
Medilnnanean and cartoi^i^ihy, 112 
Miisssn and sixteenth-centny cartography, 

144 
Maitmn and poUtksal eeanoay, xiU 
Meralor, pi^ieetiQn oi; 110, 122-124, 126, 

130; and eartogn^y, 116 sag.; and 

crSndsr pr^eetion, 118 ; miqpe, 119 $eq. 
Meridmn^MlraMMieal definition oi; 70; and 

ecnl»efi«dnction.lS4 
M«iliasM^diawi^oi;3, 4 
Mmil as4 aneknl geography, 85 
and cartography, 155 
188 

Mithnifc l^iwwand Benaenberg^s experi- 

M»Mk Ages and cartognqphy, 112, 118; 

a»4 wrtd M«N, 142 
IfiUct 4e Mnrsaa and topogrsphy, 155 
16 
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Monocnli of the Middle Ages, 142 

Moon, its eclipse, 17 ; iU motion, 21, 22 ; 

and the earth, 69, 60 
Motion and celestial sphere, 20, 21; diurnal, 
and illnsion, 26 ; of bodies, 28, 29 ; im- 
perceptible balance of, 80 ; of earth and 
son, 58 aeq. ; of fklling bodies, 59 ; as 
i4>ldied to tiie son, 61 seq. 
Mountain maps, 137 
Monntains and cartography, 146 
Mozambique and latitude, 51 
MfUfling and topography, 156, 169-161 
Mureau, Millet de, and topography, 155 

Nanaen and Polar expeditions, 49 
Napoleon and locality, xii ; and geography, 

xiU 
Natal, Port, and latitude, 61 
Nautical maps, 122, 123, 182, 183 ; mile, 

185 ; route maps, 188 
Navigation and central projection, 109, 110; 

and the loxodrome, 118, 122 ; maps, 187 
Netherlands and Mercator, 117 
Newton and motion of bodies, 28 ; and 

rotation of earth, 82 
Nicolaus, Dominus, and Ptolemaic maps, 

118 
Nig^t, length o( 11, 12 
NUe, horizon at 20** latitude, 48 ; horiion of 

sources of, 44, 45 ; and ancient geography, 

85 
North America, surrey ot, 129 
Northern latitudes, 49, 50 
North Polar expeditions, 49 
Norway and latitude, 48 
Norwegian plans and isohypses, 167 
Nubia, horizon of, 48 ; and latitude, 61 
Nuremberg, J. Werner of, 108 
Nyanza, lidie, and latitude, 51 

Oceanography and geography, xir 
Ooeanological maps, 138 
Oeder, Matthew, and sixteenth-century carto- 
graphy, 144 
Optical illusions, 24 seq. 
Oririspietus or Roman maps, 182 
Orographical maps, 187 
Orography, Alpine, 162 
Orontius Finilus and cartography, 116 
Ortelius and Pentinger Table, 140 
Orthodrome and navigation, 110 



Orthographic projection, 88, 180 
Oscillation of pendulum, 88-85 

Parallel projections, 88 

Parallels, dnwing of; 8, 4 ; and central pro- 
jection, 105 teq. 

Paris, meridian of, 5 n. ; horizon of, 89, 40 ; 
and latitude, 52 

Peace and geography, xiii 

Peary and Polar expeditions, 49 

Pendulum, oscillation of; 38-85 

Pentinger Table, 140, 141 

PeripUa and charts, 112 

Perseus and horizon of St. Petersburg, 46 

Persistence, power of, 28 

Perspective projection, 71 »eq,, 86 seq,, 181; 
principles of, 78 

Petermann, A., and cartography, 129 

Pfyifer, F. L., and relief maps, 146 

Physical maps, 186, 187, 188 

Physiography, terrestrial, ix 

Pietro Visoonte, cartographer, 112 

vb^a^ or Greek maps, 182 

Pisan charts, 112 

Plane of oscillation, 88-86 

Planisphere and perspective projection, 90 

PlamapherwM of Ptolemy, 108 

Plans and their scale, 185, 186 

Plough or Great Bear, 40 

Plumb-line, its deflection, 55, 66 

Points, circumpolar, 18 ; principal, 81 

Pblar co-ordinates, 68 

Polar-globular projection, 124 

Political maps, 187 

Pollux and horizon of Tomea, 47 

Polyconical projection, 129 

Port Natal and latitude, 51 

Portulani and charts, 112 

Posidonins and andent geography, 76 

Position, determination of, xvii, 4, 5 ; defini- 
tion of, 67 teq, ; projection of, 189 seq. 

Postel, William, and equidistant prqiecUon, 
124 

Profile in section projection, 148 

Ph>jection, perspective^ 71, 85 teq.; plane 
of, 78 ; rays of, 74 ; laws o^ 75 ; cylin- 
drical, 77 »eq.; conical, 82 §eq.; ortho- 
graphic or parallel, 88 aeq. ; stereographic, 
90 eeq.'t central or gnomonic, 108 aeq,; 
Mercator's cylinder, 118 ; Mercator's, 122- 
124, 126; equidistant, 128; equi-areaJi, 
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124 je;.; nocylindrical, 125; eqoi-ared- 
AzimnthAl, 126 ; honiAlographk, 127 ; of 
Bonne and FUmsteed, 127 ; of Sanaon, 
127, 128; poljconical, 129; and dia- 
tortion, 180, 181 

Pniaftia and aizteenth-oentnry cartography, 
148 

ProMian mile, 135 

Ptolemaic mapis 118 ; method and Mercator, 
117 

Ptolemies, the, and the soiencea, 77 

Ptolemy* Claadiiu, and ancient geography, 
77, 80, 82, 85, 90, 108 

Ptolemy, bia Gtography^ 118 ; Mercator an 
a new, 117 ; and cartography, 146 

Quadrilateral mape, 80 

Refraction and the horizon, 16 

Reich and Benxenberg'v experiment, 83 

Relief majw, 146 

RenaiBsance and cartography, 113 

Revolution of earth and ran, 68 

Rhodes and ancient geography, 76, 80, 86 

Right ascension and celestial sphere, 5 

Roman route maps, 140 

Romans and maps, 182 

Rotation of heavens and earth, 26, 27 ; of 

the earth, 80 9eq, 
Roate maps, 137, 138 
Rnpelmonde, Mercator ot, 117 
Russian verst, 185 
Ruysch, Johann, and cartography, 114 

Sagittarius and earth's orbit, 68, 66 

Sailing or course maps, 186 

St. Petersburg and earth's rotation, 28 ; 

horizon of, 46 
Sanson, projection of, 127, 128 
Saxony and Benzenbeig's experiment, 88 
Scale-drawing, 78 
Scale of reduction, 188 9eq,', on maps, 184 

Schiehallion, Mt, and attraction, 56 
Schlehbuch shaft and Benzenberg's experi- 

meqt. 83 
School maps, 188 
Scorpio and earth's orbit, 63, 65 
Scotland and legal maps, xiii 
Sea-books and mediasval cliarts, 112 



Sea-level and topography, 144 Mq. 
Sea-maps or chairta, 188, 136, 188 
Seasons and earth's orbit, 68, 64 
Sebastian Martin and sixteenth - oentnry 

cartography, 142 
Section-lines, horizontal, 146 segr. ; aad mir- 

veying, 148 ; and surfaces, 155 mq. 
Section projection, 148 ; and linear methoda 

combined, 162, 168 
Segments of egg-shaped bodies, xviii, zix "^ 
Selenographic or lunar co-ordinates, 182 
Sense-impresaiona, 24 and n., 25 
Shading in topography, 157; process of 

Lehmann, 158, 159 
Shadow of earth on moon, 17 
Signatures or conventional signs, 140 
Signs, conventional, 140 
Silesia and geography, xii 
Sofala and laUtude, 51 
Solstice, summer, 66 

Southern Cross and horizon of Assouan, 41 
Southern latitudes, 50, 51 
Space and history, xii; -vertical in, 86, 

87 
Special maps, 186 
Sphsries or space-relations, xviii 
Sphere and space-relations, xviii ; parallel, 

right and oblique, 6 ; celestial, and motion, 

20, 21, 28 ; celestial, and light, 24 
Spheres and heavenly bodiea, 18 
Spring and earth's orbit, 64 
Spring-balance and gravity, 58, 54 
Stab, Johann, and cartography, 114 
Stadiamnu and charts, 112 
Stars, their movements, xvii ; ciroompolar, 

18 ; their distances, 28, 24 ; and roUtion, 

26,27 
Star-shaped maps, 129 
Statistical maps, 188 
Steinhauser and cartography, 180 
Stereographic prqjeotion, 90 m^'., 181 
Stockholm and earth's rotation, 28 ; latitude 

of, 46 
Strabo, his Otography, 75, 76, 79 
Suez, horizon of; 41 ; and latitude, 51 
Summer and earth's orbit, 64 
Sun and motion, 21, 22, 61 weq, ; a circum- 

polar star, 50 
Sun-dials and central projection, 10$ 
Surfaces and section-lines, 155 
Survey or general charts, 186 
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Switxedand and relief maps, 146 ; and linear 
method, 162 

Sydow and topography, 157 

Syene or AMonan, 41 ; and ancient geo- 
graphy, 76, 85 

Syhranna, Bemardna, and cartography, 114 

Tarifk, Gap^ horizon of; 40, 41 
Taunu and earth's orbit, 68, 65^ 66 
Temperature and ecale of reduction, 185 
Terreatrial phenomena of rotation, 80 geq,; 

maps, 182 
Thales and central projection, 103 
Thule and ancient geography, 85 
Thuringia and lixteenth-century cartography, 

144 
Topographical niape, 186, 144 
Topography, 132-164 
Tomea, horizon of, 47, 48 ; and latitude, 

52 
Torsion-balance of CaTendiih, 64, 55 
Trade-winds and earth's rotation, 28, 82 
TriangnUtion and cartography, 144 
Tyndall and celestial sphere, 24 
Tyrus, Marinus of, 80 
Tzana, lake, horizon of, 44 ; and latitude, 

51 



Ukerewe, lake, horiioD of, 44 ; and southern 

latitadea,50 
Un«?eanesB of eoil, 144 segf. 

Velooity in narigation, unit of, 185 n. 

Vertieal in apace, 86, 87 

Vertical-line topography, 158 

Vienna and horizon of St Petersburg, 47 ; 

and Pentinger Table, 142 
Viiconte, Pietro, cartographer, 112 
VisiouHsirde of, 16, 17 ; rays of, 74 

War and geography, ziii 

Watt, James, and « book of blots," zri 

Weight and graTity, 88 

Welaer, Wolfjsang, and Pentinger Table, 140 

Werner, J., and the planisphere, 108 ; and 

cartography, 115 
Wiech^ H., and linear method, 162 
Winter and earth's orbit, 64 
Wolfisang Welser and Pentinger Table, 140 
World, Meroator's Mc^ qf ike, 117 

Zoological maps, 137 
Zoology and geography, li 
ZUmer, A. F., and sixteenth-century carto> 
graphy, 144 
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